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ABSTRACT 
This study examined the significance of adult attachment—as assessed with both 
narrative-based and self-report measures—for adults’ electrophysiological, behavioral, and 
subjective emotional responding to infant distress and non-distress vocalizations. Results 
revealed that narrative-based adult attachment—as measured by the Attachment Script 
Assessment—was consistently associated with responding to infant distress. Individuals higher 
on secure base script knowledge—as reflected in their ability to generate narratives in which 
attachment-related threats are recognized, competent help is provided, and the problem is 
resolved—were found to exhibit reduced relative left (vs. right) frontal EEG asymmetry from 
rest indicative of decreased positive emotion, lower observed tension, and decreased reported 
feelings of positive emotion in response to infant crying. In contrast, secure base script 
knowledge was not found to be significantly associated with responding to infant laughter. Self-
reported avoidance and anxiety—as measured by the Relationship Styles Questionnaire—were 
not found to be consistently associated with responding to infant crying or infant laughter. 
Results are discussed in terms of their role in extending the literature on the biological correlates 
of adult attachment, the empirical divergence of narrative-based and self-report adult attachment 
measures, the contribution of narrative-based adult attachment to the organization and 
effectiveness of emotional responding to infant distress vocalizations, and the possible 
implications of these findings for the intergenerational transmission of attachment-relevant 
experience.   
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CHAPTER 1 
INTRODUCTION 
 As one of the few remaining grand theories of human development, attachment theory 
(Bowlby, 1969/1982, 1973, 1980) continues to guide research on the legacy of early experiences 
across domains of psychology. Although rooted in the same theoretical tradition, research on 
adult attachment is largely carried out within two separate methodological cultures: one focused 
on narrative-based measures of adult attachment and the other focused on self-reported styles of 
adult attachment (see Cassidy & Shaver, 2008). Drawing on evidence from neuro- and 
psychophysiological theory suggesting that patterns of autonomic responding and brain 
activation reflect motivational profiles that conceptually converge with those theorized to be 
reflected in individual differences in adult attachment, both of these traditions have begun to 
establish associations between adult attachment and patterns of biological responding. However, 
these literatures have focused almost exclusively on measures of autonomic reactivity 
(Beijersbergen, Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2008; Diamond, Hicks, & 
Otter-Henderson, 2006; Dozier & Kobak, 1992; Fraley & Shaver, 1997; Groh & Roisman, 2009; 
Holland & Roisman, 2010; Roisman, 2007; Roisman, Tsai, & Chiang, 2004) and brain activation 
measured during fMRI (Gillath, Bunge, Shaver, Wendelken, Mikulincer, 2005; Strathearn, 
Fonagy, Amico, & Montague, 2009; Warren et al., 2010; but see, Rognoni, Galati, Costa, Crini, 
2008; Zayas, Shoda, Mischel, Osterhout, Takahasi, 2009). In order to replicate and extend prior 
research on the biological correlates of adult attachment, this study incorporated another measure 
of brain activity, electroencephalograph (EEG) activity, as well as behavioral and subjective 
measures of emotional responding, in a multi-level investigation of the association between adult 
attachment and responding to infant attachment vocalizations that are integral to the parent-child 
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attachment relationship. Moreover, to provide a more comprehensive understanding of the 
influence of adult attachment on responding within parent-child attachment relationships, this 
study incorporated both narrative-based and self-report measures of adult attachment.  
Bowlby (1969/1982, 1973, 1980) developed attachment theory in order to provide a 
framework for understanding human personality development, emphasizing the importance of 
early experiences with primary caregivers in setting the foundation for development across the 
life course. Guided by attachment theory, research on adult attachment has been conducted 
within two methodological traditions that emphasize separate aspects of adult attachment 
variation. One tradition—best represented by developmental psychology—uses narrative-based 
measures of adult attachment and emphasizes the importance of adults’ secure base script 
knowledge—as evidenced in their understanding that attachment relationships are designed to 
provide a secure base of exploration and a safe haven in times of distress. The other 
methodological tradition of adult attachment—best represented by social-personality 
psychology—emphasizes the importance of variation in adults’ self-reported attachment-related 
thoughts and feelings within their interpersonal relationships. As such, self-report measures of 
attachment are largely focused on adults’ feelings of security in their romantic relationships—as 
reflected in their belief that they are worthy of love and that their romantic partner is likely to 
provide love (Crowell, Fraley, & Shaver, 2008; Roisman, 2009).  
Although these methodological cultures stem from the same theoretical framework, meta-
analytic work suggests that they show little empirical convergence (Roisman et al., 2007). 
However, both narrative-based and self-report measures of adult attachment have proven useful 
in providing empirical evidence of theoretically consistent links between adult attachment and 
behavior in attachment-related interpersonal contexts (e.g., parents’ relationships with their 
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children, adults’ romantic relationships). Specifically, in developmental psychology, measures of 
adult attachment have been designed to tap adults’ internalized representations of attachment that 
are believed to stem from their early attachment experiences with their primary caregivers (Main, 
Kaplan, & Cassidy, 1985). Historically, the narrative-based tradition has measured variation in 
adult attachment with the Adult Attachment Interview (AAI; George, Kaplan, & Main, 1985)—a 
semi-structured interview in which adults are asked to discuss their early attachment-relevant 
experiences. Narratives are coded for the coherence with which individuals are able to discuss 
these early experiences, with secure (vs. insecure) individuals being characterized by their ability 
to discuss their early attachment-relevant experiences in an internally consistent manner without 
becoming emotionally overwhelmed. The Attachment Script Assessment (ASA; Waters & 
Rodrigues-Doolabh, 2004) is another, increasingly used, narrative-based measure of adult 
attachment, and it is the measure of adult attachment that was used in the current study. The 
ASA is a word-prompt procedure in which adults are asked to develop narratives around 
attachment-relevant themes. Adults’ narratives are coded for secure base script knowledge, with 
individuals higher (vs. lower) on secure base script knowledge characterized by their ability to 
generate narratives in which attachment-related threats are recognized, competent help is 
provided, and the problem is resolved. Studies have found that secure base script knowledge is 
positively associated with coherence as measured by the AAI, providing evidence for the 
empirical convergence of the two measures (Coppola, Vaughn, Cassibba, & Costantini, 2006; 
Dykas, Woodhouse, Cassidy, & Waters, 2006; Waters & Rodrigues-Doolabh, 2001).  
Variation in adult attachment as assessed by narrative-based measures is expected to 
guide behavior within attachment-relevant interpersonal contexts. Specifically, individuals 
higher (vs. lower) on secure base script knowledge are believed to have experienced sensitive 
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and consistent care in response to their attachment needs in early childhood and thus, are able to 
express a range of emotions in the knowledge that they can rely on their primary caregivers to 
help regulate them. Over time, these experiences are theorized to become internalized and guide 
interpersonal behavior, with individuals higher (vs. lower) on secure base script knowledge 
expected to engage in motivational strategies characterized by a flexible engagement in 
attachment-related emotions, thoughts, and behavior without becoming overwhelmed (Waters & 
Waters, 2006; Dykas et al., 2006). Supporting these claims, studies have found that mothers 
lower (vs. higher) on secure base script knowledge are at a heightened risk for developing 
insecure attachment relationships with their biologically-related children and non-biologically 
related adopted children, suggesting that shared genes do not account for this association (Bost et 
al., 2006; Veríssimo & Salvaterra, 2006). Maternal secure base script knowledge has also been 
linked with sensitive caregiving (Coppola et al., 2006; Groh et al., in preparation) and with 
mothers’ and children’s emotional references within their conversations about past experiences 
(Bost et al., 2006). Taken together, these findings provide evidence supporting theoretical claims 
that narrative-based adult attachment influences attachment-relevant interpersonal functioning. 
Within the social-personality attachment tradition, measures of self-reported attachment 
styles were designed to parallel variation in infant attachment that is commonly measured using 
the Strange Situation Procedure (Ainsworth, Blehar, Waters, & Wall, 1978)—a laboratory 
procedure designed to activate infants’ secure base and safe haven behavior (Hazan & Shaver, 
1987, 1994). Although many self-report measures of attachment have been developed and used 
within the social-personality literature (Campbell, Simpson, Boldry, & Kashy, 2005; Collins & 
Feeney, 2004; Fraley & Shaver, 1998), variation in self-reported attachment is often assessed as 
two theoretically orthogonal dimensions, one representing attachment-related avoidance and the 
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other representing attachment-related anxiety. Individuals high on self-reported avoidance 
endorse items reflecting their reluctance to rely on others for support and their discomfort with 
intimacy and closeness. In contrast, individuals high on self-reported anxiety endorse items 
reflecting their need to be close to others and their fear that others may not love them. Variation 
in self-reported attachment is expected to guide behavior within attachment-relevant 
interpersonal contexts, with individuals reporting greater levels of self-reported avoidance 
expected to engage in motivational strategies characterized by a minimization of attachment-
related emotions, thoughts, and behavior, and individuals reporting greater levels of self-reported 
anxiety expected to engage in motivational strategies characterized by a hyperactivation of 
attachment-related emotions, thoughts, and behavior (Collins & Read, 1994).  
Supporting these claims, studies have found, for example, that when separating from their 
romantic partner at an airport, women high on attachment-related avoidance exhibited sings of 
withdraw from romantic partners and women high on attachment-related anxiety reported 
feelings of distress (Fraley & Shaver, 1998). When discussing areas of disagreement with 
romantic partners, individuals high on self-reported avoidance and anxiety were found to be less 
likely to engage in observed collaboration when they perceived the interactions as particularly 
stressful (Roisman et al., 2007). Similarly, when discussing a major problem in their relationship, 
individuals high on self-reported avoidance were found to exhibit lower levels of warmth and 
supportiveness and those high on self-reported anxiety were found to exhibit greater stress and 
anxiety (Simpson, Rholes, & Phillips, 1996). When anticipating a painful and stressful task, 
those high on self-reported avoidance were also found to pull away from their romantic partner if 
they reported greater levels of stress (Simpson, Rholes, & Nelligan, 1992). Moreover, 
individuals high on self-reported anxiety were found to be more likely to report greater levels of 
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self-reported distress after experiencing a breakup (Feeney & Noller, 1996; Fraley, Davis, & 
Shaver, 1998). Taken together, similar to research on narrative-based measures of adult 
attachment, these findings suggest that self-reported attachment influences attachment-related 
interpersonal functioning. 
Although research within these two methodological traditions has been conducted largely 
in parallel, researchers from both traditions have begun to call for the establishment of a 
neurobiology of attachment in which links between attachment and patterns of biological 
responding within attachment-relevant contexts are established, suggesting that research in this 
area may be especially relevant to providing a biological model of the mechanisms of attachment 
(e.g., Coan, 2008; Diamond, 2001; Fox & Hane, 2008). As described above, variation in 
attachment has been theorized to represent specific motivational profiles that guide emotion, 
thoughts, and behavior within attachment-relevant contexts. These attachment-relevant 
motivational strategies conceptually converge with motivational strategies that have been 
theoretically and empirically linked to patterns of biological responding (see Coan, 2008; 
Diamond, 2001), thereby providing a means of investigating links between attachment variation 
and patterns of biological responding. Drawing on this evidence, research on adult attachment 
within both narrative-based and self-report methodological traditions has begun to explore links 
between adult attachment variation and patterns of biological responding as measured by 
autonomic reactivity and brain activation because evidence suggests that these measures may be 
especially relevant in terms of identifying biological correlates of attachment.  
Focusing first on patterns of autonomic reactivity, according to psychophysiological 
theorists, two antagonistic motivational systems are represented by distinct patterns of autonomic 
physiological responding (Fowles, 1980, 1988; Gray, 1975). The first system is theorized to be 
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involved in approach-related behavior and is referred to as the Behavioral Activation System 
(BAS). The second system is referred to as the Behavioral Inhibition System (BIS) and it is 
theorized to be involved in inhibitory- or withdrawal-related behavior. According to Fowles 
(1980), these motivational systems are reflected in autonomic nervous system reactivity, with the 
BAS specifically linked to heart rate and the BIS specifically linked to electrodermal activity.  
Regarding the literature on narrative-based adult attachment, the majority of research has 
been conducted using the AAI as the measure of adult attachment, with findings from this 
literature suggesting a link between attachment insecurity and electrodermal responding. 
Specifically, insecure-dismissing individuals—who idealize their caregivers and/or normalize 
harsh childhood experiences in the context of the AAI—are believed to engage in motivational 
strategies characterized by a minimization of emotional processing and effortful inhibition within 
attachment-relevant contexts. As such, dismissing individuals would be expected to exhibit signs 
of heightened physiological arousal uniquely tied to the activation of the BIS, indicative of their 
effortful inhibition (Dozier & Kobak, 1992; Roisman, 2007; Roisman et al., 2004). Supporting 
this claim, insecure-dismissing individuals have been found to exhibit heightened electrodermal 
reactivity when discussing their early attachment-related experiences in the context of the AAI 
(Dozier & Kobak, 1992; Roisman et al., 2004; cf. Beijersbergen et al., 2008). Extending these 
findings to attachment-relevant interpersonal challenges, insecure individuals have also been 
found to exhibit heightened electrodermal reactivity when discussing areas of disagreement with 
romantic partners (Holland & Roisman, 2010; Roisman, 2007).  
Recently, these findings have been extended to both the ASA and attachment-related 
challenges specific to parent-child relationships. Specifically, when listening to infant attachment 
vocalizations, individuals lower (vs. higher) on secure base script knowledge were found to 
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exhibit heightened electrodermal reactivity to an infant attachment-relevant distress vocalization 
(e.g., crying; Bowlby, 1969/1982), but not to a positively-valenced infant attachment 
vocalization (e.g., laughter). Moreover, the heightened electrodermal reactivity exhibited by 
individuals lower on secure base script knowledge has been found to leave these individuals 
impaired in terms of responding in an affectively appropriate way to infant distress (Groh et al., 
in preparation; Groh & Roisman, 2009). These findings suggest that variation in narrative-based 
adult attachment, regardless of attachment assessment, is associated in theoretically-consistent 
ways with autonomic reactivity within adult and parent-child attachment-relevant contexts.  
In contrast to studies represented in the literature on the psychophysiology of narrative-
based adult attachment, studies from the self-report literature of adult attachment have focused 
on the influence of self-reported attachment styles on autonomic reactivity when either engaging 
in or avoiding an attachment-related challenge. Concerning links between self-reported 
attachment and autonomic responses when engaging in an attachment-relevant challenge, 
because individuals high on self-reported avoidance are theorized to minimize attachment 
behavior when engaging in an attachment-relevant challenge, they would be expected to exhibit 
heightened electrodermal reactivity, indicative of effortful inhibition. Conversely, because 
individuals high on self-reported anxiety are theorized to hyperactivate attachment behavior 
within attachment-related challenges, they would not be expected to exhibit heightened 
electrodermal reactivity, suggesting minimal effortful inhibition. Supporting these claims, when 
asked to provide adjectives describing their romantic relationships and to support their 
descriptions, individuals high on self-reported avoidance were found to exhibit heightened 
electrodermal reactivity, indicative of an inhibitory strategy. Conversely, greater levels of self-
reported anxiety were not associated with electrodermal reactivity (Diamond et al., 2006). 
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Concerning links between self-reported attachment and autonomic responses when 
avoiding an attachment-relevant challenge, it has been theorized that, because those high on self-
reported anxiety are believed to be unable to deactivate their attachment system, they would 
exhibit heightened electrodermal reactivity when attempting to avoid such challenges. 
Conversely, because those high on self-reported avoidance are believed to be able to deactivate 
their attachment system, they would not be expected to exhibit heightened electrodermal 
reactivity when attempting to avoid an attachment-relevant challenge. Supporting these 
theoretical claims, those high on self-reported anxiety were found to exhibit increased 
electrodermal activity and those high on self-reported avoidance were found to exhibit decreased 
electrodermal activity when asked to simultaneously carry on a discussion while avoiding 
thinking about a romantic partner leaving them (Fraley & Shaver, 1997).  
 Taken together, the literature on the autonomic psychophysiology of adult attachment has 
established links between individual differences in adult attachment and patterns of autonomic 
responding within attachment-relevant contexts, providing evidence that variation in adult 
attachment represents distinct motivational strategies and that these strategies are linked to 
specific patterns of autonomic responding. Moreover, these physiologically-linked motivational 
strategies also characterize adults’ approach both within and when avoiding attachment-relevant 
challenges. Specifically, studies focused on narrative-based measures of attachment have found 
consistent evidence that within a variety of attachment-related challenges, insecure individuals 
and individuals lower on secure base script knowledge exhibit heightened electrodermal 
reactivity, indicative of effortful inhibition. Similarly, evidence from self-report measures of 
attachment suggests that when confronted with an attachment-related challenge, individuals high 
on self-reported avoidance exhibit heightened electrodermal reactivity, indicative of effortful 
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inhibition. However, when avoiding engagement in an attachment-related challenge, individuals 
high on self-reported avoidance exhibit reduced electrodermal reactivity—suggestive of a 
continued deactivation of the attachment system—and individuals high on self-reported anxiety 
exhibit heightened electrodermal reactivity—indicative of the activation of the attachment 
system that must be inhibited.  
 More recently, research on the biological correlates of adult attachment has drawn on 
research that has linked specific emotional processes with the activation of neural structures in 
the brain in order to identify links between adult attachment and patterns of brain activation. 
Regarding the literature on narrative-based measures of adult attachment, insecure-dismissing 
mothers have been found to activate brain regions associated with pain and disgust (e.g., anterior 
insula; for review see, Montague & Lohrenz, 2007) when viewing images of their own infant 
crying (Strathearn et al., 2009). Lower (vs. higher) levels of secure base script knowledge have 
also been linked with the activation of brain regions associated with the inhibition of negative 
information (e.g., orbitofrontal cortex and superior frontal gyrus; Depue, Curran, & Banich, 
2007) in response to negative words and top-down attentional control (e.g., left dorsal lateral 
prefrontal cortex and dorsal anterior cingulate cortex; Banich et al., 2009; Compton et al., 2003; 
Herrington et al., 2005; Mohanty et al., 2007) in response to positive words in the context of an 
emotion-word Stroop task—an experimental procedure in which adults are shown words in 
varying colors and asked to identify the color of the word while ignoring the meaning of the 
word (Warren et al., 2010). These findings provide further support that insecure-dismissing 
individuals, as measured by the AAI, and individuals lower in secure base script knowledge, as 
measure by the ASA, engage in physiologically-linked motivational strategies that limit their 
ability to freely and flexibly engage attachment-relevant stimuli without becoming overwhelmed. 
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 Concerning the literature on self-reported attachment style, when thinking about negative 
relationship scenarios, individuals reporting greater levels of anxiety were found to exhibit 
greater activation of brain regions related to negative emotion (anterior temporal pole; Lévesque 
et al., 2003) and less activation in brain regions associated with emotion regulation (orbitofrontal 
cortex; Beer, Shimamura, & Knight, 2004; Lévesque et al., 2003). Conversely, individuals 
reporting greater levels of avoidance were found to be less likely to deactivate brain regions 
related to thought suppression (subcallosal cingulate cortex, lateral prefrontal cortex; Gillath et 
al., 2005). Similar to the burgeoning literature on narrative-based measures of attachment and 
patterns of brain activation, these preliminary findings also provide further support that when 
confronted with an attachment-relevant challenge, individuals high on self-reported anxiety 
engage in physiologically-linked motivational strategies indicative of a hyperactivation of the 
attachment system and individuals high on self-reported avoidance engage in physiologically-
linked motivational strategies indicative of minimization and inhibition of the attachment system. 
 Taken together, the emerging literature on the psychophysiology of adult attachment has 
begun to identify links between attachment variation and patterns of biological responding. 
Findings from this literature encourage further research on the biological correlates of 
attachment, including research exploring links between attachment and other measures of 
physiological responding that may be relevant to attachment. As described further below, the 
psychological processes theorized and found to be reflected in EEG asymmetry measured in the 
alpha band (for a recent review see Davidson, 1998a; Heller, 1990, 1993) converge with the 
motivational biases that underlie individual differences in adult attachment. Moreover, 
attachment-relevant paradigms that have been previously used in studies on the biological 
correlates of adult attachment, including listening to infant attachment vocalizations (Groh & 
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Roisman, 2009), are amenable for use with this electrophysiological measure. Thus, 
investigating EEG asymmetry in response to infant attachment vocalizations provides a means of 
extending the literature on the biological correlates of adult attachment to electrophysiological 
measures of brain activity. Moreover, such research may more clearly elucidate the contribution 
of adult attachment to responding to infant attachment vocalizations, ultimately providing a 
critical foundation for understanding the mechanisms by which adult attachment influences the 
quality of parent-child attachment relationships. 
Hemispheric EEG Asymmetry 
According to psychophysiological theorists, EEG asymmetry in the alpha band is a 
measure of brain activity that reflects emotional processes, which are conceptually-relevant to 
variation in adult attachment. Specifically, psychophysiological theorists have argued and 
empirically demonstrated that patterns of EEG asymmetry in different regions of the brain reflect 
distinct aspects of emotion, with frontal and parietal EEG asymmetries reflecting specific 
components of the circumplex model of emotion (Heller, 1990, 1993). Whereas frontal EEG 
asymmetry is believed to reflect the valence dimension of emotion—with greater relative left 
frontal activity believed to reflect positive, approach-related emotions and greater relative right 
frontal asymmetry believed to reflect negative, withdrawal-related emotions (Davidson, 1998a; 
Heller, 1990, 1993)—parietal EEG asymmetry is believed to reflect the arousal dimension of 
emotion—with greater relative right parietal activity believed to reflect greater emotional arousal 
(Heller, 1990, 1993).  
Regarding patterns of frontal EEG asymmetry, a large body of empirical evidence has 
demonstrated that greater relative left EEG activity in the prefrontal cortex is indicative of 
positive emotion, the generation of which is theorized to be mediated through the activation of 
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the BAS. Conversely, greater relative right EEG activity in the prefrontal cortex has been found 
to be indicative of negative emotion, the generation of which is theorized to be mediated through 
the activation of the BIS (Davidson, 1993, 1998a, 1998b; Fox, 1991, 1994; Heller, 1990, 1993; 
Hugdahl & Davidson, 2003). Frontal EEG activity is believed to arise from specific brain 
structures, including the dorsolateral prefrontal cortex, ventral medial prefrontal cortex, basal 
ganglia, amygdala, anterior temporal cortex, parietal cortex, and hypothalamus. Because these 
structures work together in circuits as well as independently of one another (e.g., the amygdala 
has been independently linked with the activation of the BIS), frontal EEG asymmetry both 
within hemisphere and relative to the other hemisphere is theorized to be related to the activation 
of these antagonistic motivational systems and their resulting emotional states (Davidson, 1993, 
1998b, 2004; Davidson, Pizzagalli, Nitschke, & Kalin, 2003). 
 Supporting these theoretical claims, empirical evidence has supported links between not 
only individual differences in resting frontal EEG asymmetries and corresponding BIS/BAS 
motivational biases, but also changes in frontal EEG asymmetry as a function of exposure to 
stimuli designed elicit positive and negative emotional states through the activation of the 
BIS/BAS motivational systems. For example, individuals who exhibited greater relative left 
frontal EEG were found to be more likely than individuals who exhibited greater relative right 
frontal EEG to endorse items indicative of the BAS (vs. BIS) on a self-report measure designed 
to reflect Gray’s (1994) conceptualization of behavioral activation and behavioral inhibition 
(Sutton & Davidson, 1997). Concerning reactivity in EEG asymmetry, adults were found to 
respond with greater change in right (vs. left) frontal EEG asymmetry from rest in response to 
listening to negatively-toned stimuli and greater change in left (vs. right) frontal EEG asymmetry 
from rest in response to listening to positively-toned stimuli (Jones & Fox, 1992).  
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Frontal EEG asymmetry has also been implicated in individual differences in 
psychological disorders involving emotional biases. Specifically, those suffering from depression 
have been found to exhibit reduced relative left frontal EEG activity in combination with or 
separate from greater relative right frontal EEG activity (e.g., Allen, Iacono, Depue, & Arbisi, 
1993), reflective of their increased tendency toward negative emotional states. Conversely, those 
suffering from anxiety disorders, especially anxious apprehension, have been found to exhibit 
greater relative left frontal EEG activity (Carter, Johnson, & Borkovec, 1986; Heller, Nitschke, 
Etienne, & Miller, 1997; Tucker, Antes, Stenslie, & Earnhardt, 1978; Tyler & Tucker, 1982), 
reflective of their increased levels of worry and verbal rumination (Carter et al., 1986; Heller et 
al., 1997). 
Recently, variation in self-reported adult attachment styles has been linked to frontal 
EEG asymmetry when viewing interpersonal interactions that varied in emotional valence. 
Although variation in self-reported attachment styles was not associated with frontal asymmetry 
when viewing videos of neutral or sad interpersonal interactions, when viewing videos of happy 
interpersonal interactions, those high on self-reported avoidance exhibited greater relative right 
frontal EEG asymmetry and those high on self-reported anxiety exhibited greater relative left 
frontal EEG asymmetry. When viewing videos of fearful interpersonal interactions, those high 
on self-reported anxiety exhibited greater relative right frontal EEG asymmetry (Rognoni et al., 
2008). Although these findings suggest that variation in adult attachment may be associated with 
frontal EEG asymmetry when processing emotional interpersonal interactions, the study only 
included self-report measures of adult attachment and drew on a relatively small sample (39 
participants total: 9 avoidant and 9 anxious individuals), which limits the generalizability and 
potential replicability of these findings. Moreover, although the videos were balanced with 
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respect to the presence of human beings, there are other methodological concerns regarding 
asymmetries in the visual field that were not accounted for in this study (e.g., height differences 
and gender balancing across videos). In order to avoid these methodological concerns, this study 
focused on a large sample of nearly 110 mothers and examined the association between 
narrative-based and self-report measures of adult attachment and EEG asymmetry while listening 
to infant attachment vocalizations delivered symmetrically through head phones.  
Although the literature on EEG asymmetry has focused primarily on asymmetry in the 
prefrontal cortex, as described above, evidence suggests that parietal regions of the brain may 
also be especially relevant to emotional processing. Specifically, the parietal region of the brain 
has been argued to be involved in the arousal component of emotion, with greater relative right 
asymmetry theorized to reflect greater emotional arousal. In reviewing the literature on emotion 
and EEG asymmetry, Heller, Nitschke, and Miller (1998) highlight the role the right parietal 
hemisphere in both emotional information processing and emotional expression. Specifically, 
presenting emotional stimuli, regardless of whether it is visual or auditory, to the right 
hemisphere has been found to be associated with judgments about emotional tone (e.g., Ley & 
Bryden, 1982), discrimination of emotional vocalizations (e.g., crying; King & Kimura, 1972), 
discrimination of facial expressions (e.g., Ladavas, Umilta, & Kicci-Bitti, 1980), and generation 
of sentences with appropriate prosody (e.g., Borod, 1993). With respect to individual differences 
in parietal hemispheric EEG activity, individuals exhibiting signs of anxious arousal and 
posttraumatic stress disorder have been shown to exhibit greater EEG activity in the right (vs. 
left) parietal hemisphere (Heller et al., 1997; Metzger et al., 2004), indicative of their heightened 
emotional arousal.  Especially relevant to the literature on the psychophysiology of adult 
attachment, in which variation in narrative-based and self-reported attachment has been linked 
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with electrodermal reactivity (Diamond et al., 2006; Dozier & Kobak, 1992; Fraley & Shaver, 
1997; Groh & Roisman, 2009; Holland & Roisman, 2010; Roisman, 2007; Roisman et al., 2004), 
the right parietal brain region has also been linked with various indicators of autonomic arousal, 
including electrodermal activity, heart rate, and cortisol secretion (see Heller, 1993). For 
example, patients with right parietal brain damage have been found to exhibit dampened 
electrodermal activity in comparison to patients with left parietal brain damage (Heilman, 
Schwartz, & Watson, 1978; Morrow, Vrtunski, Kim, & Boiler, 1981; Myslobodsky & Horesh, 
1978; Valenstein & Heilman, 1984).  
Taken together, evidence suggests that patterns of EEG asymmetry reflect distinct 
components of emotion, with frontal EEG asymmetry reflecting emotional processing specific to 
valence and parietal EEG asymmetry reflecting emotional processing specific to arousal. These 
emotional processes are especially relevant to individual differences in attachment because, as 
described above, variation in adult attachment reflects motivational strategies that guide adults’ 
ability to flexibly engage in emotionally-salient attachment-relevant interpersonal contexts 
without becoming over-aroused (Collins & Read, 1994; Main et al., 1985; Waters & Waters, 
2006). Thus, investigating the links between adult attachment and EEG asymmetry within 
attachment-relevant interpersonal contexts provides a straightforward extension of the literature 
on the biological correlates of adult attachment to electrophysiological responding as measured 
by EEG asymmetry. Furthermore, establishing associations between adult attachment and 
patterns of EEG responding may prove informative in terms of further specifying associations 
between adult attachment and specific patterns of emotional responding within attachment-
relevant contexts. 
Adult Attachment and Responding to Infant Attachment Vocalizations 
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 Infant attachment vocalizations may be an especially appropriate attachment-relevant 
context in which to explore associations between adult attachment and electrophysiological 
responding because according to attachment theory (Bowlby, 1969/1982), infant crying and 
laughter vocalizations activate the attachment bio-behavioral system. Specifically, infant crying 
is one of the most potent infant attachment distress cues and it is designed to elicit an immediate 
caregiving response from the primary caregiver, thereby promoting the infant’s proximity to the 
primary caregiver. Infant laughter is another infant attachment cue, and while it is not as potent 
as infant crying, it is theorized to activate the attachment system in order to prolong positive 
social interactions between the infant and primary caregiver. Thus, although these vocalizations 
only reflect specific components of children’s attachment relationships with their primary 
caregivers, they are especially salient components implicated in the activation of the attachment 
system. As such, identifying links between adult attachment variation and patterns of 
electrophysiological responding to these vocalizations may contribute to our understanding of 
the influence of adult attachment on responding within parent-child attachment relationships.  
 Because variation in adult attachment reflects motivational strategies that guide adults’ 
ability to effectively engage in attachment-relevant contexts, a key question in linking adult 
attachment with responding to infant attachment vocalizations is what attachment theory 
suggests in terms of effective and developmentally appropriate responding to these salient infant 
attachment cues. According to the organizational perspective of development (Sroufe, 1979, 
2005; Sroufe & Waters, 1977)—a perspective that has been developed and long used by 
attachment scholars in order to conceptualize competent responding in a range of 
developmentally-salient tasks—a key feature of behavior is its organization with respect to the 
developmental context. More specifically, the signature of a well-adapted affective system is the 
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flexible and effective recruitment of emotion, cognition, and behavior toward successfully 
navigating salient developmental issues.  
Applying the organizational perspective to responding to infant attachment vocalizations, 
affectively appropriate responding would not be characterized by restricted feelings and displays 
of emotion when confronted with infant attachment vocalizations. In fact, such rigidity in 
responding would be indicative of a less adaptive affective system, and might be expected to be 
associated with greater levels of self-reported avoidance and lower levels of secure base script 
knowledge. At the other extreme, affectively appropriate responding would also not be 
characterized by intense feelings or displays of emotion indicative of becoming emotionally 
enmeshed in or overwhelmed by the infant attachment vocalization, a pattern of responding that 
might more reasonably be expected to be associated with greater levels of self-reported anxiety. 
Instead, competent responding to infant vocalizations would involve an understanding of the 
significance of the attachment cue and a recruitment of behavior, emotion, and cognition in such 
a way that addresses the needs of the infant as reflected by the infant vocalization. To be sure, 
according to Ainsworth and her colleagues (Ainsworth et al., 1978), sensitive responding to 
infants’ attachment needs is reflected in individuals’ ability to notice and correctly interpret 
infant cues, understand the needs of the infant, and respond in a manner that does not distort the 
infant’s needs based on one’s own needs. Thus, from an organizational perspective of 
development, effective and developmentally appropriate responding to infant attachment 
vocalizations would involve behavioral, emotional, and cognitive responding indicative of an 
emotional attunement to the valence of and needs reflected in the infant attachment vocalization 
without becoming overwhelmed, a pattern of responding that individuals higher on secure base 
script knowledge might be expected to exhibit. 
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Although there is relatively little research on the links between self-reported adult 
attachment and responding to infant attachment vocalizations (but see Leerkes & Siepak, 2006), 
research from the narrative-based tradition is beginning to provide evidence that variation in 
adult attachment is associated with various parameters of responding to infant attachment 
vocalizations in theoretically-anticipated ways and that such associations pre-date parenting 
experience. Specifically, in one study focused on adult attachment and autonomic, behavioral, 
and subjective emotional responding to infant attachment vocalizations in a sample of non-
parents, individuals lower on secure base script knowledge were found to exhibit autonomic 
signs of inhibition (i.e., heightened electrodermal reactivity), to report feeling lower levels of 
love (an integral emotion to the parent-child attachment relationship; Bowlby, 1969/1982), and 
to exhibit greater levels of tension (e.g., furrowed brows) in response to infant crying, suggestive 
of a minimization of emotion and effortful inhibition when confronted with an infant, 
attachment-related challenge. When listening to infant laughter, individuals higher on secure 
base script knowledge were found to exhibit greater levels of positive affect (e.g., smiling, 
laughing), suggestive of an affectively appropriate emotional engagement in the infant, 
attachment-relevant context (Groh et al., in preparation; Groh & Roisman, 2009). Moreover, this 
study also found that secure base script knowledge was more strongly associated with autonomic 
and subjective emotional responding to infant crying than to infant laughter (Groh & Roisman, 
2009), supporting recent theorizing that attachment-related variation might be more strongly 
reflected in behavior in contexts expected to generate attachment-related distress (Goldberg, 
Grusec, & Jenkins, 1999; Thompson, 1997). 
Taken together, infant crying and laughter represent integral components of the parent-
child attachment relationship and variation in adult attachment has been found to be associated 
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with multiple indicators of adults’ emotional responding to these infant attachment vocalizations. 
As such, listening to infant attachment vocalizations is a theoretically-relevant and well-validated 
paradigm with which to explore associations between adult attachment and electrophysiological 
responding. Thus, this dissertation focused on investigating the link between adult attachment 
and frontal and parietal EEG asymmetry when listening to an infant distress (i.e., crying) 
vocalization and non-distress (i.e., laughter) vocalization. In addition, as described above, prior 
evidence linking adult attachment to responding to infant attachment vocalizations has been 
based on a sample of non-parents. While evidence from this study does suggest that associations 
between adult attachment and responding to infant attachment vocalizations pre-date parenting 
experiences, it remains unclear whether these findings also characterize mothers’ responding to 
infant attachment vocalizations. In order to examine the generalizability of these findings, this 
study also examined whether variation in adult attachment is associated with behavioral 
responding (e.g., observed tension to infant crying and positive affect to infant laughter) and 
subjective emotional responding (e.g., self-reported positive and negative emotion to infant 
crying and laughter) to infant attachment vocalizations in a sample of mothers. Moreover, 
research on adult attachment and responding to infant attachment vocalizations has primarily 
focused on narrative-based adult attachment measures (but see Leerkes & Siepak, 2006). Thus, 
little is known about the empirical convergence of narrative-based and self-report measures of 
attachment in predicting emotional responding within parent-child attachment relationships. To 
establish a more comprehensive understanding of the association between adult attachment and 
biological, observed, and subjective emotional responding within parent-child attachment 
relationships, this study also incorporated the Attachment Script Assessment—a narrative-based 
measure of adult attachment—and the Relationships Styles Questionnaire (RSQ; Griffin & 
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Bartholomew, 1994)—a self-report measure of adult romantic attachment—and examined the 
empirical convergence and unique predictive significance of these measures in predicting 
responses to infant attachment vocalizations. 
Hypotheses 
 Narrative-based adult attachment. Following recent theories suggesting that 
attachment-related variation might be more strongly reflected in behavior in contexts expected to 
generate attachment-related distress (Goldberg et al., 1999; Thompson, 1997) and evidence that 
secure base script knowledge is more strongly associated with autonomic and subjective 
emotional responding to infant distress (vs. non-distress) vocalizations (Groh & Roisman, 2009), 
it was hypothesized that secure base script knowledge would be more consistently associated 
with electrophysiological, behavioral, and subjective emotional responses to infant crying than 
infant laughter. More specifically, in line with evidence from the literature on the biological 
correlates of adult attachment that variation in narrative-based adult attachment reflects distinct 
motivational strategies (e.g., Dozier & Kobak, 1992; Roisman et al., 2004; Groh & Roisman, 
2009) and guided by the principles of the organizational perspective of development described 
above, individuals higher (vs. lower) on secure base script knowledge were hypothesized to 
exhibit reduced relative left (vs. right) frontal EEG asymmetry from rest, suggestive of reduced 
levels of positive emotion, and individuals lower (vs. higher) on secure base script knowledge 
were hypothesized to exhibit increased relative right (vs. left) parietal EEG asymmetry from rest, 
suggestive of greater levels of arousal, when listening to infant crying (see Figure 1). Similar to 
prior research in this area (Groh et al., in preparation; Groh & Roisman, 2009), individuals lower 
on secure base script knowledge were also hypothesized to exhibit greater levels of tension when 
listening to infant crying and individuals higher on secure base script knowledge were 
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hypothesized to report reduced feelings of positive emotion, in particular, when listening to 
infant crying. Together these findings would indicate that individuals lower (vs. higher) on 
secure base script knowledge exhibit heightened arousal and a minimization of attachment-
relevant emotion when listening to infant crying, suggestive of a restricted emotional 
engagement when confronted with an infant, attachment-relevant challenge. 
 Self-reported adult attachment. Concerning the self-report adult attachment tradition, 
social-personality researchers have emphasized a diathesis-stress model of attachment, in which 
self-reported attachment styles are theorized to influence behavior under conditions of 
attachment-related challenge (see, Fraley & Shaver, 1997, 1998; Mikulincer, 1998; Simpson & 
Rholes, 1998). Thus, similar to hypothesized predictions concerning narrative-based adult 
attachment, self-reported adult attachment was also hypothesized to be more consistently 
associated with electrophysiological, behavioral, and subjective emotional responses to infant 
crying than infant laughter. Again, in line with evidence from the literature on the biological 
correlates of adult attachment that variation in self-reported adult attachment reflects distinct 
motivational strategies (e.g., Diamond et al., 2006; Fraley & Shaver, 1997) and guided by the 
principles of the organizational perspective of development described above, individuals high on 
self-reported avoidance and individuals high on self-reported anxiety were hypothesized to 
exhibit increased relative right (vs. left) parietal EEG asymmetry from rest, indicating greater 
arousal, when listening to infant crying. However, individuals low on self-reported avoidance 
were also hypothesized to exhibit reduced relative left (vs. right) frontal EEG asymmetry from 
rest, indicative of reduced levels of positive emotion, and individuals high on self-reported 
anxiety were hypothesized to exhibit increased relative right (vs. left) frontal EEG asymmetry 
from rest, indicative of greater levels of negative emotion, when listening to infant crying (see 
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Figure 2). Moreover, individuals higher on self-reported avoidance were expected to exhibit 
greater levels of tension when listening to infant crying and individuals lower on self-reported 
avoidance were expected to report reduced feelings of positive emotion, in particular, when 
listening to infant crying. Individuals higher on self-reported anxiety were expected to report 
increased feelings of negative emotion, in particular, when listening to infant crying. Together 
these findings would indicate that individuals higher on self-reported avoidance exhibit 
heightened arousal and a minimization of attachment-relevant emotion when listening to infant 
crying and individuals higher on self-reported anxiety exhibit heightened arousal and an over-
engagement in attachment-relevant emotion when listening to infant crying, suggestive of 
distinct patterns of emotion dysregulation when confronted with an infant, attachment-relevant 
challenge. 
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CHAPTER 2 
METHODS 
The sample for this study consisted of 108 mothers, comprising two sub-samples of 
mothers and their children. Participants in both sub-samples were recruited to participate in two 
separate laboratory visits. This study focused on one of these laboratory visits in which only 
mothers participated. The mother laboratory visits were similar across sub-samples. Participants 
were recruited through advertisements in local child care centers and community centers (e.g., 
libraries) and through advertisements in university newsletters to faculty and staff. Participants 
(a) completed on-line questionnaires, including the Relationships Style Questionnaire (Griffin & 
Bartholomew, 1994), prior to arriving at the laboratory, (b) were administered the Attachment 
Script Assessment (Waters & Rodrigues-Doolabh, 2004) while being digitally recorded, (c) 
listened to an audio-taped recording of infant crying and infant laughter while being 
physiologically monitored and video-recorded, and (d) reported how strongly they felt a range of 
emotions after listening to each audio-taped recording. Participants were compensated $50 after 
completing the study. Participants were excluded for the following, non-mutually exclusive 
reasons: (a) being left-handed (n = 13), (b) endorsing moderate to severe head injury (n = 2), (c) 
reporting having had loss of consciousness for 10 minutes or more (n = 1), (d) having experience 
with electroshock therapy (n = 1), (e) having multiple sclerosis or epilepsy (n = 1), and/or (f) 
having impediments to either the collection or reduction of the physiological data (e.g., video-
equipment mal-functioned, participant had a sweating condition, participant developed a 
migraine during the course of the laboratory visit; n = 18), resulting in the current sample of 108 
mothers. 
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Mothers were on average 34.31 years of age (SD = 5.23) and their children (56 female) 
were on average 38.49 months of age (SD = 13.76). Mothers were heterogeneous in terms of 
ethnicity (63.9% European-American, 15.7% Asian, 9.3% African-American, 4.6% Hispanic, 
and 6.5% mixed/other). Median reported family income was $71,000 to $80,000 per year, and 
ranged from less than $10,000 to over $100,000 per year. Mothers’ education ranged from 1 
(high school degree) to 4 (advanced degree) with a M = 3.44 (SD = 0.74). 
Stimuli 
Audio-recordings of infant crying and infant laughter were identical to those used in 
Groh and Roisman (2009). As reported there, twenty research assistants listened to a large set of 
potential audio recordings of infant crying and laughter freely available on the Internet. The 
audio recordings selected for this study were two that were unanimously viewed as prototypical 
expressions of infant distress and infant laughter. The average fundamental frequency of the 
infant crying and laughter vocalizations was 360.06 Hz (SD = 58.41) and 215.96 Hz (SD = 
119.69), respectively (comparable to values found in other studies of infant vocalizations; e.g., 
Gustafson & Green, 1989). The amplitude at which participants listened to the infant 
vocalizations was approximately equated across vocalizations and participants by holding the 
volume of the audio-recordings constant (peak amplitude of each cry averaged 89.51 decibels, 
SD = 1.85, and of each laugh averaged 91.25 decibels, SD = 3.00). 
Apparatus 
Visual. Remotely controlled, high-resolution color video cameras recorded the 
participants’ facial expressions during the study. Cameras were partially hidden from 
participants’ view inside a media storage cabinet.  
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Electrophysiological. A system consisting of two Pentium computers, Snapmaster Data 
Acquisition System (2000), and James Long, Inc., bioamplifiers (Caroga Lake, New York) was 
used to acquire continuous recordings of participants’ physiological responses at rest and while 
listening to the audio-recordings of infant vocalizations. EEG was recorded with a custom-
designed Electro-Cap Interactional, Inc. 16-channel cap with tin electrodes spaced equidistantly, 
extending inferiorly to the F7/F8 ring of the International 10-20 System (see Figure 3). For the 
purpose of this study, EEG was collected from 14 scalp sites (F3, F4, F7, F8, C3, C4, P3, P4, P7, 
P8, O1, O2, A1, and A2). However, because the specific focus of this study was on frontal and 
parietal EEG asymmetry, results are reported for two frontal scalp sites (F3, F4) and two parietal 
scalp sites (P3, P4).  All EEG sites were referenced online to Cz, and Afz served as the ground. 
Electrodes were placed above and below the left eye (the lower electrode served as the reference) 
and near the outer canthus of each eye (the right electrode served as the reference) and recorded 
vertical and horizontal EOG for offline eye–movement artifact rejection. Electrode impedances 
were maintained below 10 kΩ for EEG sites and below 20 kΩ for EOG sites. Half-power 
amplifier bandpass was 0.3 to 100 Hz, and data was digitized at 1024 Hz.  
Procedure 
 After completing on-line questionnaires including the Relationships Style Questionnaire 
and a demographic questionnaire, mothers were invited to a laboratory designed as a comfortable 
living room environment where they first completed the Attachment Script Assessment. Next, 
physiological sensors measuring brain activity (EEG) and eye movements (EOG) were attached 
to the participant. Other sensors—including those measuring skin conductance, heart rate, and 
respiration—were attached to participants, but relevant data are not reported here because they 
are part of a separate study focused on mother-child relationship functioning. Following a brief 
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habituation period, participants were asked to rest completely—clearing their mind of all 
thoughts, feelings, and emotions—for a total of 4 minutes, during which a resting baseline was 
acquired. According to standard practice in acquiring baseline spectral EEG (Allen, Coan, 
Nazarian, 2004; Tomarken & Davidson, 1994; Towers & Allen, 2009), the 4-minute baseline 
was broken into 8, 30-second blocks in which the participants were asked to either have their 
eyes open and focused on a cross in front of them or closed (order counterbalanced). After 
completion of a baseline emotion questionnaire, participants were instructed that they would hear 
a recording of an infant delivered through headphones and that they should close their eyes, 
listen carefully to the infant, and try to think of how they would respond if the infant were their 
own child. Participants listened to each recording for 3 minutes (order counterbalanced). After 
each recording, participants described their emotional state while they listened to the recording 
using the Emotional Experience Questionnaire. 
Measures 
Attachment Script Assessment. The narrative-based Attachment Script Assessment (see 
Appendix A) is a word-prompt method used to assess participants’ awareness of and access to a 
secure base script (Waters & Rodrigues-Doolabh, 2004). Participants were given a card with the 
title of each story and a list of 12 words (subdivided into three columns). They were told that by 
scanning down the columns, they would be provided with a general outline for what the story is 
supposed to be about. They were asked to develop the best possible story that they could tell, that 
the story should be about a page in length if it were written down, and to include as much detail 
and information as possible. Participants were informed that they did not have to include all the 
words, that they could change the order of the words, or change the words themselves. The 
narratives were recorded and later transcribed verbatim for coding. Participants were asked to tell 
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six stories (order counterbalanced), three of which concerned children’s relationships (Baby’s 
Morning, Doctor’s Office, Trip to Park) and three of which concerned adult relationships (Jane 
and Bob’s Camping Trip, The Accident, An Afternoon Shopping). The two adult stories (Jane 
and Bob’s Camping Trip, The Accident) and two child stories (Baby’s Morning, Doctor’s Office) 
designed to tap secure base knowledge were coded. Average narrative length measured in 
number of words was comparable to other studies (M = 297.25, SD = 154.52; e.g., Vaughn et al., 
2006) 
Narratives were coded by two independent coders on a 7-point scale for the extent to 
which they are organized around a secure base script using the method developed by Waters and 
Rodrigues-Doolabh (2004). A secure base script is one in which there is a bid for help, the bid is 
recognized and help is offered, the help is useful in overcoming the problem, and the situation 
ultimately returns to normal. Narratives that receive the highest score (7) clearly show this 
structure. Conversely, narratives that receive the lowest score (1) lack the secure base structure 
and often include bizarre details (e.g., Sue dies in The Accident, and Mike is overwhelmed by 
sadness). Scores of secure base knowledge (M = 3.95, SD = 1.15) were similar to those found in 
previous studies (e.g., Groh & Roisman, 2009; Vaughn et al., 2006). Because secure base script 
knowledge was moderately to strongly correlated across stories (rs .54 –.64), a composite score 
was created by averaging scores across narratives, and this composite score was used in all 
analyses (α = .85). Two independent coders coded the narratives and inter-rater reliability for the 
composite score was calculated on 30% of the narratives on which the coders overlapped. 
Interrater reliability was high (ICC = .90). Note that both coders have demonstrated reliability on 
this measure with Kelly Bost, another researcher who has published data based on the 
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Attachment Script Assessment (e.g., Bost et al., 2006). Secure base script knowledge was 
standardized for all analyses. 
Relationships Style Questionnaire. The Relationships Style Questionnaire (Griffin & 
Bartholomew, 1994; see Appendix B) is a 30-item self-report measure of attachment-related 
thoughts, feelings, and behaviors. Using a method developed by Simpson and colleagues (1992), 
individual items were composited to create two scales: avoidance (α = .84) and anxiety (α = .81). 
Avoidance items included statements reflecting discomfort with intimacy and dependency (e.g., 
“I am nervous when anyone gets too close to me”) and anxiety items include statements 
reflecting vigilance concerning close relationships (e.g., “I often worry that romantic partners 
don’t really love me”). Self-reported avoidance and anxiety were standardized for all analyses. 
Observed behavior. Participants’ facial expressions while listening to the infant 
vocalizations were coded offline by two independent coders on scales reflecting tension, positive 
affect, and emotion regulation that were similar to those developed in a prior study on adult 
attachment and responding to infant vocalization (Groh et al., in preparation; see Appendix C). 
In order to acquire EEG data with minimal muscle artifact, participants were instructed to remain 
as still as possible. The scales used in Groh et al. (in preparation) were therefore calibrated to the 
restricted range of motion observed. Inter-rater reliability was acceptable (ICCs ranged from .64 
- .89; M = .76) on all scales, except for tension while listening to infant laughter (ICC = .47), 
which may be explained by the limited variation in observed tension to infant laughter (M = 1.69, 
SD = 0.78). All five (reliable) scales were submitted to a Principal Components Analysis (PCA) 
with Varimax rotation. Results converged with those from the prior study employing this 
measure, with the eigenvalues indicating that a two component solution best accounted for the 
data (facial expressions during the crying condition, facial expressions during the laughter 
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condition). The first scale reflected tension while listening to infant crying and comprised of 
tension, positive affect (reversed scored) and emotion regulation (reversed scored) to infant 
crying (α = 0.95), and the second scale reflected positive affect while listening to infant laughter 
and comprised of positive affect and emotion regulation to infant laughter (α = 0.87). These 
composite scales were standardized and used in all analyses reported below.  
Subjective emotions. The Emotional Experience Questionnaire assessed how strongly 
participants felt 25 different emotions at rest and after listening to the infant crying and infant 
laughter recordings, respectively, on a 9-point Likert scale (0 = no emotion and 8 = the most 
emotion you have felt in your life). Separate principal-components analyses with Varimax 
rotation were conducted on change from rest to the crying condition items and change from rest 
to the laughter condition items. Results revealed that these emotion terms comprised two reliable 
factors when listening to infant crying: change in positive emotion (contentment, happiness, 
pride, relief, and satisfaction) and change in negative emotion (anger, clam [reversed scored], 
pain, sadness, shame, and tension). Cronbach’s alphas for the aggregates were .77 and .71, 
respectively. Similarly, results revealed that these emotion terms comprised two reliable factors 
when listening to infant laughter: change in positive emotion (contentment, happiness, love, 
pride, and satisfaction) and change in negative emotion (anger, calm [reverse-scored], disgust, 
fatigue, pain, sadness, and tension). Cronbach’s alphas for the aggregates were .88 and .63, 
respectively. All change in subjective emotion variables were right skewed. To correct for this, 
the skewed variables were natural logarithm (ln) transformed. All change in subjective emotion 
variables were then standardized, and these standardized values were used for all analyses. 
EEG Data Reduction 
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EEG signals were measured during the rest period and while listening to the audio-
recordings of the infant vocalizations. Using James Long, Inc. (2000) software, EEG signals 
were re-referenced offline to a computed average-mastoid reference. Muscle, movement, eye 
blink, saccades, and other artifacts were removed manually. If artifact appeared in one channel, 
data from all channels were removed. However, if artifact appeared in one channel throughout 
the entire condition, all data from that channel were removed so as not to lose data from the other 
channels. The average percentage of rejected epochs per participant during rest period and when 
listening to the infant vocalizations was comparable to values reported in the literature (Rest 
Condition: M = 39%, ranging from 11% to 74%; Infant Crying Condition: M = 22%, ranging 
from 0% to 67%; Infant Laughter Condition: M = 39%, ranging from 1% to 100%; e.g., Coan & 
Allen, 2003a). However, 20 participants were missing all EEG data during the infant laughter 
condition due to the presence of muscle artifact throughout the condition. As described further 
below, EEG data for the infant laughter condition were imputed for these participants and these 
imputed data were used in all analyses. 
Data were epoched into .5-second artifact-free epochs with 50% overlap to compensate 
for the loss of data due to the imposition of a Hamming window prior to spectral analysis. A fast 
Fourier transform (FFT), using a Hamming window, transformed data to power spectra, and the 
average power spectrum for each condition (rest, infant crying, infant laughter) was obtained. 
Total power within the alpha frequency band (8–13 Hz) expressed in microvolts squared was 
extracted for each condition. In order to normalize the distribution of alpha power prior to 
statistical analyses, raw alpha power from each electrode site during the resting period, while 
listening to infant crying, and while listening to infant laughter was natural logarithm (ln) 
transformed.  
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In some of the analyses presented below, asymmetry scores were used. Asymmetry 
scores during the resting condition, the infant crying condition, and the infant laughter condition 
were calculated for homologous electrode pairs by subtracting the ln-transformed alpha power of 
the left site from the ln-transformed alpha power of the right site (e.g., ln F4 – ln F3). Because 
power in the alpha band is inversely related to activity (Davidson, 1988), a positive asymmetry 
score represents less ln-transformed power density on the left side than right. Therefore, a 
positive asymmetry score reflects greater activity on the left (vs. right) side.  
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CHAPTER 3 
RESULTS 
Analytic Plan  
Data for this study were analyzed by measure of adult attachment and channel of 
response. Results related to the narrative-based measure of adult attachment are presented first, 
followed by results related to the self-report measure of adult attachment. Within these sections, 
results relevant to adult attachment and electrophysiological responding, behavioral responding, 
and subjective emotional responding to infant vocalizations are presented separately. To explore 
whether significant findings could be accounted for by potential covariates, analyses were first 
run without covariates and then run a second time with commonly-used demographic covariates. 
Specifically, the covariates examined in this study included mother age, mother ethnicity (white 
v. not-white), socioeconomic status (as indicated by family income), and child age. Because 
ASA narrative length measured in number of words has been found to be associated with secure 
base script knowledge (Vaughn et al., 2006), ASA narrative length was also included as a 
covariate in all covariate analyses focused on narrative-based adult attachment as measured by 
the ASA. Descriptive data for attachment variables, observed behavior, and subjective emotional 
responses to infant vocalizations are presented in Table 1, and descriptive data for EEG activity 
are presented in Table 2. Of note, EEG values in this study were comparable to those reported 
elsewhere in the literature (for review, see Allen et al., 2004; Davidson, 1988).  
The analyses relevant to the EEG data focused on whether variation in adult attachment 
was associated with EEG asymmetry at frontal and parietal regions of the brain while listening to 
infant vocalizations in comparison to at rest. Although a variety of analytic approaches have 
been used in studies of EEG asymmetry, traditionally, ln-transformed difference scores have 
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been used to reflect the relative activity of the right versus left hemisphere at homologous 
electrode sites (e.g., ln[Right] – ln[Left] alpha power). However, difference scores do not 
provide information about the contribution of each constituent hemisphere to the effect, leading 
some researchers to advocate using a general linear model approach in which hemisphere (right 
vs. left) is entered as a factor and ln-transformed alpha power at each electrode site is entered as 
the dependent variable. In such analyses, the interaction between the independent variable and 
hemisphere provides the same information as a main effect of the independent variable in an 
analysis with change scores as the dependent variable, while also providing information about 
the contribution of each hemisphere to the effect (for review, see Allen et al., 2004).  
 Due to the nested nature of the data in the current study (e.g., EEG activity at rest and 
while listening to infant vocalizations is nested within individuals), applying this analytic 
approach to the current study would require hierarchical linear modeling (HLM) because the 
HLM framework takes into account the nested structure of the electrophysiological data (see 
Snijders & Bosker, 1999). In this case, a 2-level hierarchical linear model would be required, 
with level 1 comprising within-subject effects and level 2 comprising between-subject effects. 
Specifically, condition (rest, infant vocalization) and hemisphere (left, right) would be entered at 
level 1, attachment would be entered at level 2, and their interactions would be entered as cross-
level interactions. Thus, the dependent variable of this model would be ln-transformed alpha 
power. For the current study, the effect of interest would be the 3-way interaction between 
attachment, condition, and hemisphere. However, the interpretation of this 3-way interaction is 
not straightforward. Specifically, it would be unclear from this interaction whether attachment is 
associated with EEG asymmetry while listening to the infant vocalization in comparison to rest 
or vice versa.  
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In order to differentiate between these alternatives, Aiken and West (1991) recommend 
using simple slopes analysis to probe significant interactions involving continuous independent 
variables. In the 3-way interaction between attachment, condition, and hemisphere, simple slopes 
analysis would result in an analysis of the association between attachment and ln-transformed 
alpha power at each hemisphere for each condition. However, for the purpose of this study, the 
effect of interest is whether attachment is associated with ln-transformed alpha power within one 
hemisphere relative to the other hemisphere during a specific condition compared to rest. 
Therefore, although this analytic approach allows for the investigation of the specific 
contribution of activity in each hemisphere, it does not allow for the direct investigation of the 
effect of attachment on EEG asymmetry in one condition compared to the other. 
There are two potential ways of addressing this issue. The first would be to use the 
analytic approach described above, and if a significant interaction between attachment, 
hemisphere, and condition is found, then follow-up analyses could be pursued in which the 
interaction between attachment and hemisphere is investigated in separate hierarchical linear 
models predicting ln-transformed alpha power at different levels of the condition variable.  
Although these follow-up analyses do not control for the attachment X hemisphere interaction in 
the other level of the condition, the significant 3-way interaction would provide some confidence 
that a significant 2-way interaction between attachment and hemisphere in the simplified model 
is significant even when controlling for the attachment X hemisphere interaction during the 
contrasting condition. Thus, these follow-up analyses reduce the 3-way interaction between 
attachment, condition, and hemisphere to a 2-way interaction between attachment and 
hemisphere, which ultimately provides the same information as a main effect of attachment on 
EEG asymmetry. 
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An alternative approach would be to use ln-transformed asymmetry scores as the 
dependent variable in an hierarchical linear model. Applying this approach to the current study 
would again result in a 2-level hierarchical linear model, with level 1 comprising within-subject 
effects and level 2 comprising between-subject effects. Specifically, condition (rest, infant 
vocalization) would be entered at level 1, attachment would be entered at level 2, and their 
interaction would be entered as a cross-level interaction. For the current study, the effect of 
interest would be the 2-way interaction between attachment and condition, which could be 
probed using a straightforward implementation of simple slopes analysis. Although the 
contribution of activity from each hemisphere cannot be directly investigated with this approach, 
if a significant effect is found, descriptive statistics could be used to examine ln-transformed 
alpha power within each hemisphere.  
In the case of the current study, the approaches described above conceptually reduce to a 
partial correlation between adult attachment and ln-transformed alpha asymmetry when listening 
to the infant vocalization with ln-transformed alpha asymmetry during rest partialed out (or in 
the case of self-reported attachment, a regression model in which ln-transformed alpha 
asymmetry when listening to the infant vocalization is regressed on self-reported avoidance, self-
reported anxiety, and ln-transformed alpha asymmetry during rest). Although the HLM 
framework takes into account the nested structure of the data, partial correlations are easily 
interpretable, and thus may provide a more straightforward way of interpreting the effect of adult 
attachment on electrophysiological responding. 
To demonstrate both the benefits and drawbacks of each of these approaches and the 
convergence and divergence of results when using these approaches, the effect of attachment on 
EEG asymmetry when listening to infant vocalizations was investigated using all the approaches 
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described above. For analyses involving HLM, Hierarchical Linear Modeling (HLM, Version 
6.0; Bryk & Raudenbush, 1992) was used. Specifically, the association between adult attachment 
and EEG responding was investigated with three separate approaches. In Analytic Approach 1, 
the association between adult attachment and EEG responding was investigated using the 
analytic approach in which the dependent variable is ln-transformed alpha power. Thus, data 
were analyzed using a hierarchical linear model with condition (rest, infant vocalization) and 
hemisphere (left, right) entered at level 1, adult attachment entered at level 2, and their 
interaction entered as a cross-level interaction. Separate analyses were conducted for frontal 
(F3/F4) and parietal (P3/P4) electrode sites during the crying condition and laughter condition, 
respectively. As described above, if a significant 3-way interaction between adult attachment, 
condition, and hemisphere was found, it was followed up with separate hierarchical linear 
models at different levels of the condition variable.  
In Analytic Approach 2, the association between adult attachment and EEG responding 
was investigated using the analytic approach in which ln-transformed alpha power asymmetry is 
the dependent variable. Specifically, a hierarchical linear model with condition (rest, infant 
vocalization) entered at level 1, adult attachment entered at level 2, and their interaction entered 
as a cross-level interaction was conducted separately for frontal (F3/F4) and parietal (P3/P4) 
electrode sites during the crying condition and laughter condition, respectively. As described 
above, if a significant 2-way interaction between adult attachment and condition was found, it 
was followed up with simple slopes analysis using a web-based utility developed by Preacher 
and his colleagues (Preacher, Curran, & Bauer, 2006).  
In Analytic Approach 3, the association between adult attachment and EEG responding 
was investigated using partial correlations for narrative-based adult attachment and regression 
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analyses for self-reported adult attachment. Specifically, partial correlations between narrative-
based attachment and ln-transformed alpha asymmetry when listening to the infant vocalization 
with ln-transformed alpha asymmetry at rest partialed out were conducted separately for frontal 
(F3/F4) and parietal (P3/P4) electrode sites during the crying condition and laughter condition, 
respectively. For self-reported attachment, ln-transformed alpha asymmetry during the infant 
vocalization condition was regressed on ln-transformed alpha asymmetry during rest, self-
reported avoidance, and self-reported anxiety for frontal (F3/F4) and parietal (P3/P4) electrode 
sites during the crying condition and laughter condition, respectively.  
EEG data were missing for some participants because artifact was present in the channel 
throughout one of the conditions. Specifically, during the rest condition, F3 and F4 data were 
missing for one participant (<1%). During the crying condition, two participants were missing F3 
data and two participants were missing F4 data (<5%). During the laughter condition, 22 
participants were missing F3 data (20%) and 20 participants were missing data from F4, P3, 
and/or P4 (19%). RSQ data were missing for 3 participants (<5%) because they did not complete 
the questionnaire. Missing data were imputed using a single imputation EM algorithm. Note that 
although the amount of missing EEG data during the laughter condition was higher than 
recommended norms for imputation (e.g., Rubin, 1987; Schafer & Graham, 2002), these data 
were included in the current study because of their uniqueness in the literature on the biological 
correlates of adult attachment. To date, few studies have examined links between adult 
attachment and EEG asymmetry and no study has examined links between adult attachment and 
EEG asymmetry to infant vocalizations. Thus, these data may potentially be informative for the 
current investigation and future investigations of this kind.  
Narrative-Based Adult Attachment and Responding to Infant Attachment Vocalizations  
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Electrophysiological responding. Analyses examining the association between secure 
base script knowledge and frontal EEG asymmetry when listening to infant attachment-related 
vocalizations follow in three sub-sections by analytic approach. Within each sub-section, 
separate analyses focused on adult attachment and frontal EEG asymmetry when listening to 
infant crying and when listening to infant laughter are presented.   
The first set of analyses used Analytic Approach 1 and focused on secure base script 
knowledge and frontal EEG asymmetry to infant crying. As seen in Table 3, results revealed 
significant main effects for hemisphere, condition, and secure base script knowledge. There was 
more right (vs. left) ln-transformed alpha power and ln-transformed alpha power was greater 
during the crying condition (vs. rest). A significant main effect of secure base script knowledge 
was found, indicating that across conditions and hemispheres, secure base script knowledge was 
positively associated with ln-transformed alpha power at frontal electrode sites. Relevant to 
hypotheses, results revealed that the significant main effect of secure base script knowledge was 
qualified by a significant 3-way interaction between secure base script knowledge, condition, and 
hemisphere.  
To follow up this significant interaction, separate hierarchical linear models were run at 
different levels of the condition variable. As can be seen in Table 4, these results indicated that 
secure base script knowledge did not significantly interact with hemisphere to predict ln-
transformed alpha power during rest. However, as hypothesized, a significant interaction 
between secure base script knowledge and hemisphere was found to predict ln-transformed alpha 
power during the crying condition. Examination of descriptive statistics at +/- 1 SD above and 
below the mean of secure base script knowledge indicated that the effect was due to an increase 
in ln-transformed alpha power in the left (vs. right) hemisphere for individuals higher (vs. lower) 
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on secure base script knowledge during the crying (vs. rest) condition. As seen in Table 5, 
findings were similar when covariates were included in the model. Thus, the interaction between 
secure base script knowledge, condition, and hemisphere remained significant even after 
statistically controlling for mother age, mother ethnicity, socioeconomic status, child age, and 
ASA narrative length.  
Next, results from Analytic Approach 1 focused on secure base script knowledge and 
frontal EEG asymmetry when listening to infant laughter are presented. As seen in Table 6, 
significant main effects for hemisphere and condition were found. There was more right (vs. left) 
ln-transformed alpha power across conditions and ln-transformed alpha power across 
hemispheres was greater during the laughter condition (vs. rest). Secure base script knowledge 
was not found to be significantly associated with ln-transformed alpha power or to interact with 
condition and/or hemisphere in predicting ln-transformed alpha power during the laughter (vs. 
rest) condition at the frontal electrodes. 
Analytic Approach 2 was also used to investigate the association between secure base 
script knowledge and frontal EEG asymmetry when listening to infant vocalizations. Focusing 
first on the infant crying results, similar to findings from Analytic Approach 1, results from 
Analytic Approach 2 revealed a significant 2-way interaction between secure base script 
knowledge and condition (see Table 7). Simple slopes analysis indicated that secure base script 
knowledge did not significantly predict ln-transformed alpha asymmetry during the baseline 
condition (simple slope = -.005, SE = .007, t = -0.762, p = .45). However, consistent with 
hypotheses, secure base script knowledge did significantly predict ln-transformed alpha 
asymmetry during the crying condition (simple slope = -.013, SE = .006, t = -2.073, p < .05). As 
indicated in Figure 4, individuals higher on secure base script knowledge showed a reduced 
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positive alpha asymmetry from rest during the crying condition. As with Analytic Approach 1, 
findings were similar when covariates were entered into the model. Specifically, results indicated 
a significant interaction between secure base script knowledge and condition (see Table 8). 
Similar to findings from Analytic Approach 1, findings from Analytic Approach 2 
applied to the infant laughter data indicated that secure base script knowledge did not 
significantly predict ln-transformed alpha asymmetry or interact with condition to predict ln-
transformed alpha asymmetry in the laughter (vs. rest) condition at frontal electrode sites (see 
Table 9). 
Findings from Analytic Approach 3 were similar to findings from the other two analytic 
approaches. Specifically, secure base script knowledge was found to be significantly and 
negatively associated with ln-transformed frontal alpha asymmetry during the crying condition 
with ln-transformed frontal alpha asymmetry at rest partialed out (partial r[105]= -.19, p < .05), 
indicating that higher (vs. lower) secure base script knowledge was associated with a smaller 
alpha asymmetry when listening to infant crying. Similar to findings from other analytic 
approaches, this finding was robust to covariates. Specifically, when mother age, mother 
ethnicity, socioeconomic status, child age, and ASA narrative length were also partialed out, 
secure base script knowledge was found to be marginally significantly and negatively associated 
with ln-transformed frontal alpha asymmetry during the crying condition (partial r[100]= -.19, p 
= .06). Similarly, secure base script knowledge was not found to be significantly associated with 
ln-transformed frontal alpha asymmetry during the laughter condition after ln-transformed 
frontal alpha asymmetry at rest was partialed out (partial r[105]= -.05, p = .61). An r-to-z 
transformation revealed a marginally significant difference in the magnitude of the correlations 
across conditions (z = -1.75, p = .08). 
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Analyses examining the association between secure base script knowledge and parietal 
EEG asymmetry when listening to infant attachment-related vocalizations follow in three sub-
sections by analytic approach. Within each sub-section, separate analyses focused on adult 
attachment and parietal EEG asymmetry when listening to infant crying and when listening to 
infant laughter are presented.   
The first set of analyses used Analytic Approach 1 and focused on secure base script 
knowledge and parietal EEG asymmetry to infant crying. As seen in Table 10, a significant main 
effect for condition was revealed, indicating that ln-transformed alpha power across hemispheres 
was greater during the crying (vs. rest) condition. Secure base script knowledge was not found to 
be significantly associated with ln-transformed alpha power or to interact with condition and/or 
hemisphere in predicting ln-transformed alpha power during the crying (vs. rest) condition at the 
parietal electrodes. 
Similar effects were found for infant laughter. As seen in Table 11, a significant main 
effect for condition was found, indicating that ln-transformed alpha power across hemispheres 
was greater during the laughter (vs. rest) condition. Secure base script knowledge was not found 
to be significantly associated with ln-transformed alpha power or to interact with condition 
and/or hemisphere in predicting ln-transformed alpha power during the laughter (vs. rest) 
condition at the parietal electrodes.  
Next, Analytic Approach 2 was used to examine the association between secure base 
script knowledge and parietal EEG asymmetry when listening to infant attachment vocalizations. 
Similar to findings from Analytic Approach 1, findings from Analytic Approach 2 revealed that 
secure base script knowledge did not significantly predict ln-transformed alpha asymmetry or 
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interact with condition to predict ln-transformed alpha asymmetry during the crying (vs. rest) 
condition (see Table 12) or the laughter (vs. rest) condition (see Table 13) at parietal electrodes.  
Similar to findings from Analytic Approaches 1 and 2, findings from Analytic Approach 
3 revealed that secure base script knowledge was not significantly associated with ln-transformed 
parietal alpha asymmetry during the crying condition (partial r[105]= -.10, p = .33) or laughter 
condition (partial r[105]= .04, p = .71) when ln-transformed parietal alpha asymmetry at rest was 
partialed out.  
Observed responding. Correlations were used to examine the association between 
secure base script knowledge and observed facial expressions when listening to the infant 
vocalizations. As hypothesized, secure base script knowledge was found to be significantly and 
negatively associated with tension when listening to infant crying (r[106] = -.27, p < .01). When 
covariates were partialed out, secure base script knowledge remained significantly associated 
with tension when listening to infant crying (partial r[101] = -.31, p < .01), suggesting that this 
effect was robust to variation in mother age, mother ethnicity, socioeconomic status, child age, 
and ASA narrative length. Secure base script knowledge was not found to be significantly 
associated with observed positive affect when listening to infant laughter (r[106] = .15, p = .13). 
An r-to-z transformation revealed a non-significant difference in the magnitude of the 
correlations across conditions (z = -0.91, p = .36). 
Subjective emotional responding. Correlations were also used to examine the 
association between secure base script knowledge and change from rest in subjective emotional 
responses to the infant vocalizations. Although secure base script knowledge was not found to be 
significantly associated with change from rest reported feelings of negative emotion when 
listening to infant crying (r[106] = .01, p = .96), change from rest reported feelings of positive 
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emotion when listening to infant laughter (r[106] = .02, p = .85), or change from rest reported 
feelings of negative emotion when listening to infant laughter (r[106] = -.03, p = .79), secure 
base script knowledge was significantly and negatively associated with change in reported 
feelings of positive emotion from rest when listening to infant crying (r[106] = -.22, p < .05), 
which remained significant after covariates were partialed out (r[101] = -.24, p < .01). Thus, 
individuals higher on secure base script knowledge reported a greater reduction in feelings of 
positive emotion from rest when listening to infant crying. An r-to-z transformation revealed a 
marginally significant difference in the magnitude of the correlations between secure base script 
knowledge and change in self-reported positive emotion across conditions (z = -1.77, p = .08). 
Self-Reported Adult Attachment and Responding to Infant Attachment Vocalizations  
Electrophysiological responding. Following the same analytic procedure used above for 
narrative-based adult attachment, analyses examining the association between self-reported adult 
attachment and frontal EEG asymmetry when listening to infant attachment-related vocalizations 
follow in three sub-sections by analytic approach. Within each sub-section, separate analyses 
focused on adult attachment and frontal EEG asymmetry when listening to infant crying and 
when listening to infant laughter are presented.   
The first set of analyses used Analytic Approach 1 and focused on self-reported adult 
attachment and frontal EEG asymmetry to infant crying. As seen in Table 14 and consist with 
findings from narrative-based adult attachment, results revealed significant main effects for 
hemisphere and condition. There was more right (vs. left) ln-transformed alpha power and ln-
transformed alpha power was greater during the crying condition (vs. rest). A significant main 
effect of self-reported avoidance was found, indicating that across conditions and hemispheres, 
self-reported avoidance was negatively associated with ln-transformed alpha power at frontal 
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electrode sites. Self-reported avoidance and self-reported anxiety were not found to significantly 
interact with condition and/or hemisphere in predicting ln-transformed alpha power during the 
crying (vs. rest) condition at the frontal electrodes.  
Next, Analytic Approach 1 was used to examine the association between self-reported 
adult attachment and frontal EEG asymmetry when listening to infant laughter. As seen in Table 
15 and consist with findings from narrative-based adult attachment, results revealed significant 
main effects for hemisphere and condition. There was more right (vs. left) ln-transformed alpha 
power and ln-transformed alpha power was greater during the laughter condition (vs. rest). A 
significant main effect of self-reported avoidance was found, indicating that across conditions 
and hemispheres, self-reported avoidance was negatively associated with ln-transformed alpha 
power at frontal electrode sites. Self-reported avoidance and self-reported anxiety were not found 
to significantly interact with condition and/or hemisphere in predicting ln-transformed alpha 
power during the laughter (vs. rest) condition at the frontal electrodes.  
Similar to findings from Analytic Approach 1, findings from Analytic Approach 2 
revealed that self-reported avoidance and self-reported anxiety did not significantly predict ln-
transformed frontal alpha asymmetry or interact with condition to predict ln-transformed frontal 
alpha asymmetry during the crying (vs. rest) condition (see Table 16) or during the laughter (vs. 
rest) condition (see Table 17). 
Findings from Analytic Approach 3 were similar to findings from the other two analytic 
approaches. Specifically, results from regression analyses revealed that self-reported avoidance 
and self-reported anxiety were not significantly associated with ln-transformed alpha asymmetry 
at the frontal electrode sites during the crying condition (avoidance: β = -.00, t[104] = -.02, p = 
.98; anxiety: β = .08, t[104] = 1.03, p = .31) or during the laughter condition (avoidance: β = -.05, 
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t[104] = -.85, p = .40; anxiety: β = .08, t[104] = 1.31, p = .19) when ln-transformed alpha 
asymmetry during rest was entered in the model.  
Following the same analytic procedure used above for narrative-based adult attachment, 
analyses examining the association between self-reported adult attachment and parietal EEG 
asymmetry when listening to infant attachment-related vocalizations follow in three sub-sections 
by analytic approach. Within each sub-section, separate analyses focused on adult attachment 
and parietal EEG asymmetry when listening to infant crying and when listening to infant 
laughter are presented.   
The first set of analyses used Analytic Approach 1 and focused on self-reported adult 
attachment and parietal EEG asymmetry to infant crying. As seen in Table 18 and consist with 
findings from narrative-based adult attachment, results revealed a significant main effect for 
condition, indicating that ln-transformed alpha power across hemispheres was greater during the 
crying (vs. rest) condition. A significant main effect of self-reported avoidance was found, 
indicating that across conditions and hemispheres, self-reported avoidance was negatively 
associated with ln-transformed alpha power at parietal electrode sites. Self-reported avoidance 
and self-reported anxiety were not found to significantly interact with condition and/or 
hemisphere to predict ln-transformed alpha power during the crying (vs. rest) condition at the 
parietal electrodes.  
Next, Analytic Approach 1 was used to investigate the association between self-reported 
adult attachment and parietal EEG asymmetry to infant laughter. As seen in Table 19 and consist 
with findings from narrative-based adult attachment, results revealed a significant main effect for 
condition, indicating that ln-transformed alpha power across hemispheres was greater during the 
laughter (vs. rest) condition. A significant main effect of self-reported avoidance was found, 
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indicating that across conditions and hemispheres, self-reported avoidance was negatively 
associated with ln-transformed alpha power at parietal electrode sites. Self-reported avoidance 
was not found to significantly interact with condition and/or hemisphere to predict ln-
transformed alpha power during the laughter (vs. rest) condition at the parietal electrodes. Self-
reported anxiety was found to significantly interact with hemisphere in predicting ln-transformed 
alpha power across conditions. However, this interaction was qualified by a significant 3-way 
interaction between self-reported anxiety, condition, and hemisphere.  
To follow up this significant interaction, separate hierarchical linear models at different 
levels of the condition variable were run. As can be seen in Table 20, results indicated a 
marginally significant interaction between self-reported anxiety and hemisphere in predicting ln-
transformed alpha power during rest. However, the interaction between self-reported anxiety and 
hemisphere was not found to significantly predict ln-transformed alpha power during the 
laughter condition. Examination of the descriptive statistics at +/- 1 SD above and below the 
mean of self-reported anxiety indicated that the effect was due to lower ln-transformed alpha 
power in the left hemisphere for individuals lower on anxiety and due to greater ln-transformed 
alpha power in the left hemisphere for individuals higher on anxiety during the rest (vs. laughter) 
condition. As seen in Table 21, findings were similar when covariates were included in the 
model, with the interaction between self-reported anxiety, condition, and hemisphere remaining 
significant after statistically controlling for mother age, mother ethnicity, socioeconomic status, 
and child age. 
Next, Analytic Approach 2 was used to investigate the association between self-reported 
adult attachment and parietal EEG asymmetry to infant attachment-related vocalizations. 
Focusing on infant crying results first, similar to findings from Analytic Approach 1, self-
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reported avoidance and self-reported anxiety were not found to significantly predict ln-
transformed alpha asymmetry or to interact with condition to predict ln-transformed alpha 
asymmetry at the parietal electrodes (see Table 22). 
Similar to findings from Analytic Approach 1 focused on infant laughter, results from 
Analytic Approach 2 (see Table 23) revealed a significant main effect for self-reported anxiety 
that was qualified by a significant interaction between self-reported anxiety and condition. 
Simple slopes analysis indicated that self-reported anxiety was marginally associated with ln-
transformed alpha asymmetry at rest (simple slope = -.031, SE = .017, t = -1.830, p = .07) but not 
during the laughter condition (simple slope = -.006, SE = .017, t = -0.346, p = .73). As seen in 
Figure 5, the interaction between self-reported anxiety and condition was due to a positive alpha 
asymmetry for individuals low on self-reported anxiety at rest (vs. during the laughter condition) 
and a negative alpha asymmetry for individuals higher on self-reported anxiety at rest (vs. during 
the laughter condition). The pattern and significance of results did not change when covariates 
were added to the model (see Table 24). 
Findings from Analytic Approach 3 focused on the infant crying condition were similar 
to findings from the other two analytic approaches. Specifically, results from regression analyses 
revealed that self-reported avoidance and self-reported anxiety were not significantly associated 
with ln-transformed alpha asymmetry at the parietal electrode sites during the crying condition  
when ln-transformed alpha asymmetry during rest was entered in the model (avoidance: β = .01, 
t[104] = .15, p = .88; anxiety: β = -.01, t[104] = -.17, p = .87).  
Findings from Analytic Approach 3 focused on the laughter condition revealed that self-
reported avoidance and self-reported anxiety were not significantly associated with ln-
transformed alpha asymmetry at the parietal electrode sites during the laughter condition when 
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ln-transformed alpha asymmetry during rest was entered in the model (avoidance: β = -.06, 
t[104] = -.95, p = .35; anxiety: β = .09, t[104] = 1.37, p = .17). However, because self-reported 
anxiety was found to be associated with parietal EEG asymmetry at rest (vs. during the laughter 
condition) in the prior analytic approaches, ln-transformed parietal alpha asymmetry at rest was 
regressed on ln-transformed parietal alpha asymmetry during the laughter condition, self-
reported avoidance, and self-reported anxiety. Similar to findings described above, self-reported 
anxiety, but not self-reported avoidance, was found to be marginally significantly and negatively 
associated with ln-transformed alpha asymmetry during rest (avoidance: β = .08, t[104] = 1.19, p 
= .24; anxiety: β = -.13, t[104] = -1.93, p = .06), indicating that greater levels of self-reported 
anxiety were associated with a smaller alpha asymmetry during the rest condition in comparison 
to the laughter condition. This effect remained significant when covariates were included in the 
model (avoidance: β = .09, t[104] = 1.35, p = .18; anxiety: β = -.14, t[104] = -1.97, p = .05).  
 Observed responding. Regression analyses were used to examine the association 
between self-reported attachment and observed facial expressions when listening to the infant 
vocalizations. First, the association between self-reported attachment and observed tension to 
infant crying was investigated by regressing observed tension on self-reported avoidance and 
self-reported anxiety. Results revealed that self-reported anxiety (β = -.23, t[105] = -2.15, p < 
.05), but not self-reported avoidance (β = .05, t[105] = .42, p = .68), was significantly and 
negatively associated with observed tension to infant crying, indicating that individuals higher on 
self-reported anxiety exhibited lower levels of tension when listing to infant crying. However, 
this effect dropped to non-significance when covariates were added to the analysis (avoidance: β 
= .04, t[101] = .34, p = .73; anxiety: β = -.19, t[101] = -1.58, p = .12), indicating that the effect 
was not robust to variation in mother age, mother ethnicity, socioeconomic status, and child age. 
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Next, the association between self-reported attachment and observed positive affect when 
listening to infant laughter was investigated by regressing observed positive affect on self-
reported avoidance and self-reported anxiety. Results revealed that neither self-reported 
avoidance nor self-reported anxiety were associated with positive affect when listening to infant 
laughter (avoidance: β = -.14, t[105] = -1.25, p = .21; anxiety: β = .01, t[105] = .08, p = .94). 
 Self-reported emotional responding. Regression analyses were used to examine the 
association between self-reported attachment and change in subjective emotional responses from 
rest to the infant vocalizations by separately regressing each self-reported emotion change scores 
on self-reported avoidance and self-reported anxiety. Self-reported avoidance and anxiety were 
not found to be significantly associated with change from rest reported feelings of positive 
emotion (avoidance: β = .01, t[105] = .07, p = .94; anxiety: β = .10, t[105] = .92, p = .36) or 
negative emotion (avoidance: β = .05, t[105] = .41, p = .68; anxiety: β = -.10, t[105] = -.93, p = 
.36) when listening to infant crying. Additionally, self-reported avoidance and anxiety were not 
found to be significantly associated with change from rest reported feelings of positive emotion 
(avoidance: β = -.13, t[105]= -1.15, p = .25; anxiety: β = .13, t[105] = 1.15, p = .25) or negative 
emotion (avoidance: β = -.06, t[105] = -.55, p = .59; anxiety: β = -.11, t[105] = -1.00, p = .32), 
when listening to infant laughter.  
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CHAPTER 4 
DISCUSSION 
Research on the biological correlates of adult attachment has begun to establish links 
between individual differences in adult attachment and patterns of autonomic reactivity 
(Diamond et al., 2006; Dozier & Kobak, 1992; Fraley & Shaver, 1997; Groh & Roisman, 2009; 
Holland & Roisman, 2010; Roisman, 2007; Roisman et al., 2004) and brain activation (Gillath et 
al., 2005; Strathearn et al., 2009; Warren et al., 2010), providing critical evidence supporting 
theoretical claims that variation in adult attachment reflects distinct motivational strategies and 
that these strategies characterize adults’ responding within attachment-relevant interpersonal 
contexts (e.g., romantic relationships, parent-child relationships). Attachment researchers have 
encouraged further research on the biological correlates of attachment citing that such research 
may contribute not only to more specific predictions concerning the consequences of attachment 
for interpersonal functioning, but also may contribute to the identification of the mechanisms 
through which early experiences are carried forward into adulthood (Coan, 2008; Diamond, 
2001). Although patterns of EEG asymmetry are theorized to reflect emotional processes that are 
relevant to individual differences in adult attachment (Davidson, 1998a; Heller, 1990; 1993), 
relatively few studies have investigated associations between adult attachment and EEG 
asymmetry within attachment-relevant contexts (but see Rognoni et al., 2008). In a multi-level 
investigation of the association between adult attachment and responding to infant attachment-
relevant stimuli, the purpose of this study was to (a) extend the literature on the biological 
correlates of adult attachment to another measure of brain activity, EEG asymmetry, (b) replicate 
and extend prior findings linking adult attachment to behavioral and subjective emotional 
responses to infant attachment vocalizations, and (c) provide a more comprehensive 
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understanding of the links between adult attachment and responding within infant, attachment-
relevant contexts by including measures of adult attachment from both the narrative-based and 
self-report methodological traditions. 
Findings from the current study that narrative-based adult attachment is associated with 
electrophysiological, behavioral, and subjective emotional responding to infant crying—a potent, 
infant attachment distress vocalization—provide further evidence that individual differences in 
adult attachment are associated with specific patterns of emotional responding within 
attachment-relevant interpersonal relationships. Specifically, when listening to infant crying, 
individuals higher (vs. lower) on secure base script knowledge were found to exhibit EEG 
activity indicative of a reduced positive emotional state as evidenced by reduced relative left (vs. 
right) frontal EEG asymmetry from rest, exhibit lower levels of tension, and report reduced 
feelings of positive emotion from rest, suggestive of an emotional attunement when confronted 
with an infant, attachment-relevant challenge. In contrast, findings from this study did not reveal 
a clear pattern of associations between self-reported adult attachment and electrophysiological, 
behavioral, or subjective emotional responding to infant attachment vocalizations, providing 
further evidence of the empirical divergence of attachment measures from the narrative-based 
and self-report adult attachment traditions (e.g., Roisman et al., 2007). These findings and their 
implications are further elaborated on below by type of attachment assessment. 
Narrative-Based Adult Attachment and Responding to Infant Attachment Vocalizations  
 This study provided the first evidence that narrative-based adult attachment is associated 
with frontal EEG asymmetry when confronted with an attachment-relevant challenge. As 
predicted, individuals higher (vs. lower) on secure base script knowledge were found to exhibit 
greater change in relative left (vs. right) hemispheric EEG asymmetry from rest in frontal regions 
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of the brain when listening to infant crying. This association was due to a reduction in left (vs. 
right) activity from rest for individuals higher on secure base script knowledge when listening to 
infant crying. Moreover, this finding was robust to potential confounding variables, including 
mother age, mother ethnicity, child age, socioeconomic status, and ASA narrative length, 
suggesting that the effect was not due to demographic variability or stylistic features of ASA 
narratives. According to psychophysiological theorists, greater left (vs. right) frontal EEG 
activity, especially due to modulation of EEG activity within the left (vs. right) hemisphere, 
reflects positive emotional states (e.g., Davidson, 1998a; Heller, 1990, 1993). Thus, findings 
from the current investigation suggest that when listening to infant crying, individuals lower 
secure base script knowledge exhibit frontal EEG activity indicative of maintained levels of 
positive emotion, and individuals higher on secure base script knowledge exhibit frontal EEG 
activity indicative of a decrease in positive emotion.  
 This finding complements and extends previous research on the biological correlates of 
narrative-based adult attachment. Prior work has found that individuals lower on secure base 
script knowledge exhibit autonomic signs of inhibition as indicated by heightened electrodermal 
reactivity when listening to infant crying (Groh & Roisman, 2009) and that they exhibit 
activation of brain regions associated with inhibition and top-down attentional control when 
processing emotional words in the context of an emotion-word Stroop task (Warren et al., 2010). 
These findings suggest that when confronted with salient emotional tasks, individuals lower on 
secure base script knowledge engage in motivational strategies characterized by a minimization 
of emotion. The finding from the current study that when listening to infant crying, individuals 
higher on secure base script knowledge exhibit frontal EEG asymmetry indicative of a decrease 
in positive emotion from rest is suggestive of an emotional attunement to the infant distress cue, 
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while the finding that individuals lower on secure base script knowledge exhibit frontal EEG 
asymmetry indicative of maintained levels of positive emotion from rest is suggestive of a 
restricted emotional engagement in the infant distress cue. These findings provide evidence that 
while individuals higher on secure base script knowledge flexibly engage in attachment-relevant 
challenges, individuals lower on secure base script knowledge engage in minimizing strategies 
when confronted with an infant attachment-relevant challenge. Together with prior work on the 
biological correlates of adult attachment (Dozier & Kobak, 1992; Groh and Roisman, 2009; 
Holland & Roisman, 2010; Roisman et al., 2004; Roisman, 2007; Strathearn et al., 2009; Warren 
et al., 2010), findings from the current study provide further evidence that lower levels of secure 
base script knowledge—whether reflected in adults’ ability to coherently describe their early 
attachment experiences within the context of the AAI or their ability to develop attachment-
relevant narratives in the context of the ASA—are associated with physiological signs of less 
productive emotional responses within attachment-relevant challenges. 
Although secure base script knowledge was found to be associated with change in frontal 
EEG asymmetry from rest when listening to infant crying, it is important to note that a main 
effect of infant crying (vs. rest) on EEG asymmetry was not found in the current study. This is 
somewhat surprising given the intense emotional nature of this infant attachment distress 
vocalization, and it differs from prior studies focused on adult attachment and autonomic 
reactivity within attachment-relevant interpersonal contexts, in which attachment-relevant 
challenges have been found to be associated with increased autonomic arousal from rest for all 
participants, regardless of attachment history (Roisman et al., 2004; Rosiman, 2007; Groh & 
Roisman, 2004). However, this finding, while not expected is also not necessarily counter-
intuitive. More specifically, because the expected association between secure base script 
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knowledge and greater change from rest left (vs. right) frontal EEG asymmetry when listening to 
infant crying was due to individuals lower on secure base script knowledge exhibiting slight 
increases in left (vs. right) frontal EEG asymmetry from rest to the crying condition and 
individuals higher on secure base script knowledge exhibiting contrasting decreases in left (vs. 
right) frontal EEG asymmetry from rest to the infant crying condition, the effect would not 
necessarily result in a main effect of the crying condition on change in EEG asymmetry from 
rest. Additionally, this finding is not inconsistent with prior work focused on individual 
differences and change in EEG asymmetry. For example, in a study that employed a similar 
experimental design to the current study, theory-consistent links between individual differences 
in psychopathology and change in EEG asymmetry from rest to an emotionally arousing 
stimulus in the absence of a main effect of stimulus on change in EEG asymmetry have been 
found (Heller et al., 1997), suggesting that even in the absence of a main effect of the 
experimental condition on change in EEG asymmetry from rest, individual differences may be 
associated in theory-consistent ways with change in EEG asymmetry. 
 Although secure base script knowledge was found to be associated with frontal EEG 
asymmetry when listening to infant crying, it was not found to be associated with parietal EEG 
asymmetry in response to infant attachment vocalizations. According to Heller’s (1990; 1993) 
neuropsychological model of emotion, greater relative right (vs. left) parietal brain activity 
reflects greater levels of arousal. Given evidence that various types of physiological arousal, 
including electrodermal reactivity, heart rate, and cortisol secretion, have been found to be 
associated with right parietal brain activity (for review, see Heller, 1993) and evidence that 
narrative-based adult attachment is associated with electrodermal reactivity within a range of 
attachment-relevant challenges (Dozier & Kobak, 1992; Groh & Roisman, 2009; Holland & 
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Roisman, 2010; Roisman et al., 2004; Roisman, 2007), it was hypothesized that lower levels of 
secure base script knowledge would be associated with greater right parietal EEG activity. 
However, it is important to note that Heller (1993) has also highlighted that—in light of 
arguments that arousal is not a monolithic construct (Venables, 1984)—more research is 
necessary in order to more precisely specify the relationship between various parameters of 
autonomic arousal and right parietal EEG activity. Additionally, narrative-based adult attachment 
measures have been found to be more consistently associated with autonomic reactivity specific 
to inhibitory processes, but not general autonomic arousal (i.e., heightened electrophysiological 
reactivity, but not increased heart rate; Groh & Roisman, 2009; Roisman et al., 2004). Thus, 
narrative-based adult attachment may be more clearly linked with particular types of 
physiological arousal that are especially relevant to the motivational strategies reflected in 
individual differences in adult attachment, but not with more general indicators of physiological 
arousal. 
This study represents one of the first investigations of the association between adult 
attachment and EEG asymmetry. Thus, although not the primary focus of this investigation, this 
study employed three analytic approaches that have been used in the literature in order to help 
identify the most compatible analytic approach for this type of investigation. The first two 
approaches accounted for the nested structure of the data by using HLM. Specifically, in the first 
approach, the association between adult attachment and EEG asymmetry was investigated by 
examining the interactive effect of attachment and hemisphere on EEG activity at electrode sties 
at a particular brain region during the rest and infant vocalization conditions. In the second 
approach, instead of looking at the interactive effect of attachment by hemisphere, the direct 
association between attachment and EEG asymmetry during the rest and infant vocalization 
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conditions was investigated. While the first approach has been commonly employed in studies 
involving categorical independent variables (e.g., Heller et al., 1997; Davidson, Eckman, Saron, 
Senulis, & Friesen, 1990), the second approach has been used in studies involving continuous 
independent variables (Coan & Allen, 2003b) because it allows for a straightforward follow-up 
of significant interaction effects with simple slopes analysis (Aiken & West, 1991). Although the 
first analytic approach does provide a way of looking at the contribution of each hemisphere to 
the asymmetry of interest, this information can also be attained if a significant effect from the 
second analytic approach is found by looking at EEG activity at +/- 1 SD above and below the 
mean of the independent variable by hemisphere.  
The third analytic approach used in this study examined the association between adult 
attachment and EEG asymmetry when listening to the infant vocalization while statistically 
controlling for EEG asymmetry at rest. Although this is the simplest analytic approach and 
allows for a relatively straightforward interpretation of the findings, it does not account for the 
nested structure of the data. Analyzing nested data without taking into account the nested 
structure of the data can lead to an under-estimation of the effect and, consequently, a greater 
likelihood of committing a Type II error (i.e., accepting the null hypothesis when it is false; 
Snijders & Bosker, 1999). After considering the potential benefits and drawbacks of each of 
these analytic approaches and the evidence from the current study that results are relatively 
consistent across analytic approaches, I recommend using the second analytic approach because 
significant interactive effects can be followed up with both a straightforward implementation of 
simple slopes analysis and an examination of the descriptive statistics in order to describe the 
contribution of each hemisphere to the effect.  
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In addition to extending the literature on the biological correlates of adult attachment, 
another goal of this study was to investigate associations between narrative-based adult 
attachment and observed and subjective emotional responding to infant attachment vocalizations 
integral to parent-child attachment relationships. As in a previous study focused on secure base 
script knowledge and responding to infant attachment vocalizations in a sample of non-parents 
(Groh et al., in preparation), this study found that mothers lower on secure base script knowledge 
exhibited greater levels of tension when listening to infant crying, suggesting that this association 
not only pre-dates parenting experience, but also continues to characterize adults’ responding to 
infant attachment-related challenges even after becoming a parent. Moreover, findings from this 
study also revealed that individuals higher (vs. lower) on secure base script knowledge reported 
feeling decreases in levels of positive emotion from rest when listening to infant crying. This 
finding converges with the finding from this study that higher secure base script knowledge is 
associated with patterns of brain activation indicative of a reduced positive emotional state when 
listening to infant crying, providing further evidence that higher secure base script knowledge 
reflects a flexible emotional engagement in infant, attachment-relevant challenges. 
 From an organizational perspective of development (Sroufe, 1979, 2005; Sroufe & 
Waters, 1977), these findings suggest that secure base script knowledge is associated with 
distinct organizations of emotional responding when confronted with an infant, attachment-
relevant challenge, which may have implications for effectively navigating such challenges. 
Specifically, individuals lower on secure base script knowledge exhibited electrophysiological, 
behavioral, and subjective emotional responses reflective of contradictory emotional states. That 
is, although individuals lower on secure base script knowledge exhibited strong and prolonged 
signs of tension when listening to infant crying, they also exhibited frontal EEG asymmetry 
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indicative of maintained positive emotion and reported little change in feelings of positive 
emotion when listening to infant crying. This discrepancy in emotional responding suggests that 
when individuals lower on secure base script knowledge are confronted with an infant 
attachment-relevant challenge they become emotionally dysregulated. In contrast, individuals 
higher on secure base script knowledge exhibited electrophysiological, behavioral, and 
subjective emotional responses that were indicative of a coherent pattern of emotional 
responding, including lower levels of tension, decreases in reported feelings of positive emotion, 
and electrophysiological responses indicative of a decrease in positive emotion. Given that infant 
crying is a potent infant attachment distress vocalization designed to elicit an immediate 
caregiving response from the primary caregiver in order to help relieve the infant’s distress 
(Bowlby, 1969; 1982), the organization of emotional responding exhibited by individuals lower 
on secure base script knowledge not only reflects becoming emotionally dysregulated when 
confronted with an infant attachment-related challenge, but also a less effective pattern of 
responding to the infant distress cue. Taken together, these findings provide further evidence that 
variation in narrative-based adult attachment reflects motivational strategies indicative of adults’ 
ability to flexibly and effectively engage in attachment-relevant challenges without becoming 
overwhelmed and, as elaborated on below, may have implications for mothers’ attachment 
relationships with their own children.  
 Similar to evidence from a prior study on the links between secure base script knowledge 
and responding to infant attachment vocalizations (Groh & Roisman, 2009), secure base script 
knowledge was found to be more consistently associated with electrophysiological, behavioral, 
and subjective emotional responding to infant crying—a potent, infant attachment distress 
vocalization—than to infant laughter—a positively-valenced infant attachment vocalization. As 
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my collaborator and I have previously proposed (Groh & Roisman, 2009), this research may be 
particularly relevant to parents’ attachment relationships with their own children and the current 
debate concerning how attachment is transferred from one generation to the next. More 
specifically, meta-analytic evidence suggests that maternal sensitivity—generally assessed under 
conditions of minimal stress and long theorized to be the mechanism through which attachment 
is transferred across generations—only partially mediates the strong intergenerational 
transmission of attachment (van IJzendoorn, 1995). In light of this evidence, some attachment 
researchers have suggested that attachment variation may more likely be observed under 
conditions of attachment-relevant stress (Goldberg et al., 1999; Thompson, 1997). Together with 
evidence that sensitivity to distress more strongly predicts infant attachment security than 
sensitivity to non-distress (McElwain & Booth-LaForce, 2006), evidence from the current study 
and a previous study (Groh & Roisman, 2009) that secure base script knowledge is more 
consistently associated with responding to infant distress provides mounting support for this 
claim. Taken together, it may be that the effective emotional responding of individuals higher on 
secure base script knowledge allows them to effectively and sensitively respond to their own 
infant’s distress, ultimately promoting the development of a secure attachment relationship in the 
next generation. 
Self-Reported Adult Attachment and Responding to Infant Attachment Vocalizations 
 A secondary goal of the current investigation was to examine the empirical convergence 
and divergence of narrative-based and self-report measures of adult attachment in predicting 
responding within parent-child attachment-relevant contexts. Historically, research on adult 
attachment has been conducted within two separate methodological traditions, one focused on 
narrative-based measures of adult attachment and best represented by developmental psychology 
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and one focused on self-reported measures of adult attachment and best represented by social-
personality psychology (Cassidy & Shaver, 2008). Somewhat surprisingly, given that these 
measures stem from the same theoretical framework, self-report and narrative-based adult 
attachment measures exhibit little empirical convergence (Roisman et al., 2007). In fact, in the 
current investigation, secure base script knowledge was not found to be significantly associated 
with self-reported avoidance (r = -.05, p = .59) and self-reported anxiety (r = .12, p = .23). 
However, research from both of these traditions has established that both self-report and 
narrative-based measures predict theoretically-relevant outcomes (Cassidy & Shaver, 2008). 
More recently, researchers from both of these traditions have begun to explore the biological 
correlates of adult attachment (e.g., Diamond et al., 2006; Fraley & Shaver, 1997). However, as 
is commonly the case, research on narrative-based and self-reported adult attachment has been 
conducted largely in parallel. Thus, in the current investigation, a self-report measure was 
included in order to provide a more comprehensive understanding of the significance of adult 
attachment for adults’ responding to infant attachment vocalizations. 
Concerning links between self-reported adult attachment and electrophysiological 
responding to infant attachment vocalizations, findings from this study did not support the 
hypothesized associations between self-reported avoidance and anxiety and patterns of frontal 
and parietal EEG asymmetry. Instead, two unexpected findings emerged. Concerning self-
reported avoidance, greater levels of avoidance were found to be associated with greater overall 
levels of EEG activity at frontal and parietal regions of the brain during rest and when listening 
to infant attachment vocalizations. Although findings from early EEG studies focused on global 
EEG activity across brain regions suggested that overall EEG patterns may be associated with 
individual differences in personality and emotion-based psychopathology (for review see 
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Walters, 1964), more recent research has been equivocal, finding instead more consistent 
evidence linking EEG asymmetry in certain regions of the brain with different aspects of 
emotion (e.g., Davidson 1998a; Heller, 1993). Thus, it is unclear from the current state of the 
literature why self-reported avoidance would be associated with overall EEG activity. As such, 
this finding should be interpreted with caution. 
 Regarding self-reported anxiety, an unexpected association emerged between attachment-
relevant anxiety and resting parietal EEG asymmetry in comparison to parietal EEG asymmetry 
when listening to infant laughter. Specifically, individuals lower on self-reported anxiety 
exhibited greater left (vs. right) parietal EEG asymmetry at rest (vs. when listening to infant 
laughter). As with the association between self-reported avoidance and overall levels of EEG 
activity, it is not entirely clear why attachment-relevant anxiety would be associated with resting 
parietal EEG asymmetry in comparison to parietal EEG asymmetry when listening to infant 
laughter, and there are several reasons why this finding should be interpreted cautiously. 
Specifically, the association between self-reported anxiety and resting parietal EEG asymmetry 
was only significant in comparison to parietal EEG asymmetry when listening to infant laughter, 
but not when compared to parietal EEG asymmetry when listening to infant crying. Thus, the 
association is not specific to resting parietal EEG asymmetry, but instead may be an artifact of 
the comparison to parietal EEG asymmetry when listening to infant laughter. As described 
further below, EEG findings specific to the laughter condition should be considered exploratory 
because sizable amounts of data were missing due to muscle artifact during the laughter 
condition. 
 Similar to the findings focused on electrophysiological responding, the hypothesized 
associations between self-reported adult attachment and behavioral and subjective emotional 
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responding to infant attachment vocalizations were not supported. Instead, a counter-intuitive 
association between self-reported adult attachment and tension when listening to infant crying 
emerged. Specifically, individuals lower on self-reported anxiety were found to exhibit greater 
levels of tension to infant crying than individuals higher on self-reported anxiety. This finding is 
surprising given that greater levels of self-reported anxiety are theorized and have been found to 
be associated with heightened emotional responses within attachment-relevant contexts (Collins 
& Read, 1994; Mikulincer & Shaver, 2008). However, because results also revealed that this 
effect dropped to non-significance when covariates, including mother age, mother ethnicity, 
socio-economic status, and child age, were statistically controlled for, this effect may in fact be 
due to variation in demographic variability, and thus should be interpreted with caution. 
 Taken together, findings from this study suggest that, in contrast to narrative-based adult 
attachment, self-reported adult attachment is not consistently associated with responding to 
infant attachment vocalizations in theoretically-anticipated ways. These findings run counter to 
the hypothesized associations between self-reported adult attachment and responding to infant 
attachment vocalizations and are somewhat surprising given evidence that self-reported 
attachment is associated with attachment-relevant outcomes (for review see Crowell et al., 2008; 
Mikulincer & Shaver, 2008). However, there are a number of potential reasons for the 
divergence of findings from the two adult attachment measures. One possible reason why the 
narrative-based measure of adult attachment was found to be more consistently associated with 
responding to infant attachment vocalizations is the focus of the current study on attachment cues 
specific to parent-child attachment relationships. More specifically, narrative-based adult 
attachment assessments were originally developed in order to predict infant attachment security, 
whereas self-report attachment assessments were originally developed to characterize individual 
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differences in romantic attachment (Crowell et al., 2008). In fact, as part of the narrative-based 
measure of adult attachment used in this study, adults were instructed to develop two narratives 
specific to parent-child attachment relationships, whereas in the self-report measure of adult 
attachment used in this study, adults are asked to report on their approaches within close 
relationships, more generally. Thus, it might be expected that a clearer pattern of associations 
between adult attachment and responding to infant attachment vocalizations might emerge for 
narrative-based measures of attachment.  
An alternative possibility is that because these measures emphasize different aspects of 
attachment variation, they might be associated with different aspects of attachment relationships. 
That is, because narrative-based measures of adult attachment emphasize secure base script 
knowledge—as reflected in an understanding that attachment relationships are defined as a 
secure base from which to explore the environment and a safe haven to retreat to in times of 
distress—they may be expected to be more closely associated with the organization or coherence 
of emotional responding within attachment-relevant contexts (Crowell et al., 2008; Roisman et 
al., 2007). Self-reported measures have been specifically designed to measure adults’ appraisals 
and evaluations of attachment relationships, and thus might be expected to be more closely 
associated with adults’ evaluations of their relationships with their children (Crowell et al., 2008; 
Roisman et al., 2007). Although this study provides evidence supporting parts of this claim, it is 
important to note that because self-reports of mothers’ relationships with their children were not 
included in this study, this argument remains tentative and awaits future research on the links 
between adult attachment and parent-child attachment relationships. Moreover, while these 
possibilities reflect potential explanations for the divergent findings from the narrative-based and 
self-report attachment measures, it is important to note that evidence from the current 
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investigation converges with prior evidence that, although these measures stem from the same 
theoretical framework, they exhibit little empirical overlap (Roisman et al., 2007). As such, 
reconciling these two methodological traditions represents a critical next step for future research 
on adult attachment (see Roisman, 2009).  
Limitations 
 There are several limitations of the current investigation that are important to note, not 
only because they place the results from this study in context, but also because they may be 
relevant for future research on the biological correlates of attachment. Perhaps most notably, 
many participants were missing EEG data during the laughter condition of this study because of 
the presence of muscle artifact. Although participants were asked to remain as still as possible 
while listening to the audio-recordings of infant vocalizations, as might be expected given the 
emotionally-charged and positively-valenced nature of the infant attachment vocalization, many 
participants laughed when listening to infant laughter, resulting in the presence of muscle artifact 
in the EEG data. Due to the uniqueness of these data in the literature and their potential to inform 
future research of this kind, missing EEG data were imputed and used in relevant analyses. 
However, findings from these analyses should be considered exploratory because of the 
relatively large amount of missing data.  
 The missing EEG data during the laughter condition also highlight a more general 
concern of the potential effect the EEG equipment may have had on responding when 
participants listened to infant laughter. Specifically, in order to obtain clean, artifact-free 
electrophysiological data, movement must be constrained, and thus may have had unintended 
effects on responding during the infant laughter condition. For example, although greater levels 
of secure base script knowledge were found to be positively associated with greater levels of 
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positive affect when listening to infant laughter in a prior study focused on a sample of non-
parents (Groh et al., in preparation), in the current study, mothers’ secure base script knowledge 
was not found to be significantly associated with positive affect when listening to infant laughter. 
Although it is possible that parenting status moderates the association between adult attachment 
and emotional responding to infant laughter, the inability to replicate prior findings in the current 
study may more likely be due to the constrictive nature of the physiological equipment used in 
this study. Specifically, mothers’ levels of positive affect exhibited when listening to infant 
laughter may have been constrained due to the physiological equipment, a possibility 
corroborated by the fact that the coding system for positive affect when listening to infant 
laughter was adapted from a prior study to account for the reduced range of positive affect 
observed in the current study. It is important to note however, that while the physiological 
equipment may have had an effect on responding to infant laughter, it likely did not greatly 
impact responding to infant crying. Specifically, in contrast to the increased range of movement 
often elicited by infant laughter, varying levels of tension tend to be elicited by infant crying. 
Although tension can result in muscle artifact, it is also accompanied by reduced movement, 
which is not only facilitative of acquiring artifact-free EEG data, but also reduces the need for 
participants to focus on remaining still when listening to infant crying. Thus, while 
electrophysiological equipment may influence emotional responding, it may not have a uniform 
effect on responding to all emotional stimuli. 
 The drawbacks highlighted above are not unique to EEG, and are in fact characteristic of 
many measures of biological responding, including heart rate and brain imaging techniques. As 
such, attachment researchers should carefully consider the potential benefits and drawbacks of 
incorporating these measures into their research, with a particular focus on evaluating the 
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amenability of specific physiological measures to research designs and their relevance to 
answering specific research questions. With these caveats in mind, however, it is also important 
to note that, as demonstrated by the current investigation, physiological measures have been 
successfully incorporated into many attachment studies and have contributed to attachment 
theory (Diamond et al., 2006; Dozier & Kobak, 1992; Fraley & Shaver, 1997; Gillath et al., 
2005; Groh & Roisman, 2009; Holland & Roisman, 2010; Rognoni et al., 2008; Roisman, 2007; 
Roisman et al., 2004; Strathearn et al., 2009; Warren et al., 2010), encouraging continued 
research on the biological correlates of adult attachment. 
 Another limitation of the current investigation is that the association between narrative-
based adult attachment and responding to infant crying, while significant, was either only 
marginally significantly or not significantly different from the association between narrative-
based adult attachment and responding to infant laughter. Thus, although secure base script 
knowledge was more consistently and significantly associated with responding to infant distress, 
secure base script knowledge was not necessarily significantly more strongly associated with 
measures of responding to infant distress than non-distress. It is important to note, however, that 
the limitations specified above concerning the data specific to the laughter condition may also 
have implications for why secure base script knowledge was not found to be significantly more 
strongly associated with responding to distress than non-distress. Given prior evidence that 
secure base script knowledge is more strongly associated with physiological and subjective 
emotional responding to distress (vs. non-distress; Groh & Roisman, 2009) and the constraints of 
the laughter data from this study, findings from the current study provide tentative support for 
current claims that attachment variation may be most clearly reflected in behavior under 
conditions of attachment-relevant stress (Goldberg et al., 1999; Thompson, 1997) and encourage 
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future research examining differential associations between attachment and responding to 
distress and non-distress. 
Conclusion 
Drawing on evidence from neuro- and psychophysiological research that patterns of 
biological responding reflect motivational strategies relevant to variation in adult attachment, 
researchers from both narrative-based and self-report methodological traditions have begun to 
call for the establishment of a neurobiology of attachment in which links between attachment and 
patterns of biological responding within attachment-relevant contexts are established (e.g., Coan, 
2008; Diamond, 2001; Fox & Hane, 2008). To date, biologically-informed research on adult 
attachment has been generative in terms of providing evidence that variation in adult attachment 
not only reflects distinct motivational strategies (Dozier & Kobak, 1992; Roisman et al., 2004), 
but that these motivational strategies characterize adults’ responding within attachment-relevant 
contexts (Diamond et al., 2006; Fraley & Shaver, 1997; Groh & Roisman, 2009; Holland & 
Roisman, 2010; Roisman, 2007; Strathearn et al., 2009; Warren et al., 2010). The current 
investigation contributes to this research by extending it to another measure of brain activity, 
hemispheric EEG asymmetry, and demonstrating its usefulness in understanding the contribution 
of adult attachment to emotional responding within parent-child attachment-relevant contexts. 
Based on evidence from attachment research in animals that biological stress regulatory systems 
mediate associations between early attachment-relevant experiences and animals’ responding 
within attachment-relevant contexts in adulthood (e.g., mating and caregiving behavior; 
Cameron et al., 2008; Champagne, Diorio, Sharma, & Meaney, 2001; Francis, Diorio, Liu, & 
Meaney, 1999; Simerly, 2002; Weaver et al., 2004), attachment researchers have also suggested 
that biologically-informed attachment research may be especially relevant to providing a 
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biological model of the mechanisms of attachment (e.g., Coan, 2008; Diamond, 2001; Fox & 
Hane, 2008). Although still tentative, findings from research on the biological correlates of adult 
attachment, including those from the current study, are beginning to provide support for these 
claims and encourage future biologically-informed research on attachment because it may 
ultimately prove useful in identifying the mechanisms of the legacy of early attachment-relevant 
experiences on development. 
 Moreover, findings from the current investigation highlight, as other attachment 
researchers have (Sroufe, 1979, 2005; Sroufe & Waters, 1977), the importance of considering the 
organization of emotional responding within specific developmental contexts in order to provide 
a more complete understanding of the contribution of attachment to interpersonal functioning 
and a more fully elaborated model of the mechanisms of the legacy of early experiences. 
Specifically, by incorporating multi-level assessments of emotional responding and infant 
attachment vocalizations reflective of both attachment-relevant distress and non-distress, the 
current study was able to provide evidence that narrative-based adult attachment is intimately 
tied to the organization and effectiveness of emotional responding to infant crying, but not infant 
laughter, which may ultimately have implications for the quality of attachment in the next 
generation. Although self-reported adult attachment was not found to be consistently associated 
with responding to infant attachment vocalizations, findings from the current study also 
emphasize the importance of including measures of adult attachment from both methodological 
traditions because it may ultimately contribute to reconciling the two traditions (Roisman, 2009) 
and provide a more nuanced understanding of how these measures that tap separate aspects of 
adult attachment variation may contribute to different aspects of attachment-relevant 
interpersonal functioning. Taken together, extending findings from the current investigation to 
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research on the organization of parents’ emotional responding to their own infant’s distress and 
non-distress in the service of further specifying the mechanisms through which attachment is 
transferred across generations represents an exciting avenue for future research.  
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APPENDIX A 
Baby’s Morning 
 mother hug teddy bear 
 baby smile lost 
 play story found 
 blanket pretend nap 
 
The Doctor’s Office 
 Tommy hurry mother 
 bike doctor toy 
 hurt cry stop 
 mother shot hold 
 
Trip to Park 
 Susie swings tired 
 bike sandbox bench 
 park game comics 
 friend run coke 
 
Jane and Bob’s Camping Trip 
 Jane tent campfire 
 Bob wind shadow 
 bags collapse sound 
 hurry upset hug 
 
The Accident 
 Sue wait home 
 road Mike dinner 
 accident tears bed 
 hospital doctor hug 
 
An Afternoon Shopping 
 Emily browse hungry 
 car buy food 
 mall money talk 
 friend gift home 
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APPENDIX B 
 
RELATIONSHIP QUESTIONNAIRE 
 
Please read each of the following statements and rate the extent to which each describes your 
feelings about close relationships. Think about all of your close relationships, past and present, 
and respond in terms of how you generally feel in these relationships. 
 
                              Not at all            Somewhat          Very much  
                                                            like me                like me                 like me 
1. I find it difficult depend on other people.  1     2          3     4          5 
2. It is very important to me to feel independent.  1     2          3     4          5  
3. I find it easy to get emotionally close to others.  1     2          3     4          5  
4. I want to merge completely with another person.  1     2          3     4          5  
5. I worry that I will be hurt if I allow myself to become 1     2          3     4          5  
 too close to others. 
6. I am comfortable without close emotional relationships. 1     2          3    4         5  
7. I am not sure that I can always depend on others to be there when 1     2          3     4          5  
 I need them. 
8. I want to be completely emotionally intimate with others. 1     2          3     4          5  
9. I worry about being alone.   1     2          3     4          5  
10. I am comfortable depending on other people.  1     2          3     4        5  
11. I often worry that romantic partners don’t really love me. 1     2          3     4          5  
12. I find it difficult to trust others completely.  1     2          3     4          5  
13. I worry about others getting too close to me.  1     2        3    4         5 
14. I want emotionally close relationships.  1     2          3     4          5  
15. I am comfortable having other people depend on me. 1     2          3     4          5 
16. I worry that others don't value me as much as I value them. 1     2          3   4   5 
17. People are never there when you need them.  1     2          3    4    5 
18. My desire to merge completely sometimes scares people away. 1     2          3    4         5  
19. It is very important to me to feel self-sufficient.  1     2          3     4          5  
20. I am nervous when anyone gets too close to me.  1     2          3     4          5  
21. I often worry that romantic partners won’t want to stay with me. 1     2          3     4          5  
22. I prefer not to have other people depend on me.  1     2          3    4    5  
23. I worry about being abandoned.   1     2          3     4          5  
24. I am somewhat uncomfortable being close to others. 1     2          3     4          5  
25. I find that others are reluctant to get as close as I would like. 1      2        3    4         5 
26. I prefer not to depend on others.  1      2        3    4         5 
27. I know that others will be there when I need them. 1      2        3    4         5 
28. I worry about having others not accept me. 1     2        3    4         5 
29. Romantic partners often want me to be closer than  1      2        3    4         5 
 I feel comfortable being. 
30. I find it relatively easy to get close to others.  1      2        3    4         5 
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Appendix C 
 
Tension Coding Scale 
Score Description for Infant Crying 
5 Large number of tense facial features displayed, which may be accompanied by some 
nervous laughter. 
4 Some tense facial features displayed. No nervous laughter is present. 
3 Generally tense facial features are displayed. Although some instances of relaxed facial 
muscles are present, they are not a pervasive quality of the affect displayed.  
2 Some tense facial features are displayed, but they are not strong or long-lasting in 
duration. Generally, relaxed facial expressions are displayed. 
1 No tense facial expressions displayed. 
Score Description for Infant Laughter 
5 A high number of instances of tense facial features  are displayed. Some neutral facial 
expressions may be present, but they are not a pervasive quality of the affect displayed. 
4 Some instances of tense facial features are displayed (enough to be a defining 
characteristic of the affect), as well as some instances of neutral facial expressions.  
3 Although some tense facial features are displayed, they are not a defining feature of the 
affect. Mostly neutral facial expressions are displayed. 
2 One or two instances of minor tense facial features  are displayed, but mostly neutral 
facial expressions are displayed. 
1 No tense facial expressions displayed.
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Positive Affect Coding Scale 
Score Description for Infant Crying 
5 Consistent displays of relaxed facial features. 
4 Consistently displays relaxed facial features. However, there may be one or two minor 
instances of tensed facial muscles. 
3 Generally relaxed facial features are displayed. Although some instances of tensed facial 
muscles are present, they are not a pervasive quality of the affect displayed. 
2 Some relaxed facial features are displayed, but they are not strong or long-lasting in 
duration. Instances of tensed facial muscles are present and outweigh the relaxed facial 
features in either duration or strength.  
1 No positive Affect displayed. 
Score Description for Infant Laughter 
5 A large number of incidents of smiling (especially showing teeth and squinting eyes) and 
laughing are displayed. 
4 Smiling is generally displayed. Brief laughter may be displayed. Although some 
instances of neutral facial expressions are present, they are not a pervasive quality of the 
affect displayed. 
3 Generally neutral facial expressions displayed. Although some instances of smiling or 
laughing may be present, they are not a pervasive quality of the affect displayed. 
2 Consistently neutral facial expression. Few instances of smiling or laughing are 
displayed. Facial expression is relaxed and unchanging throughout the clip. 
1 No positive affect displayed. 
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Emotion Regulation Coding Scale 
Score Description for Infant Crying 
5 Appropriate affect with respect to the audio clip is displayed. Affect is calm throughout 
audio clip–exhibited by relaxed facial expressions (e.g., relaxed 
cheeks/eyebrows/mouth/jaw). Brief periods of tension may be displayed–exhibited by 
tightened facial expressions (e.g., slightly tightened eyebrows/cheeks/mouth/jaw)–but 
they quickly return calm expression. 
3 An even mixture of both calm and tense emotional states are displayed. Affect may either 
transition from periods of being calm to periods of being tense OR slight signs of 
moderate tension–exhibited by slightly relaxed/slightly tense facial expressions (e.g., 
some tightening of eyebrows/cheeks/mouth/jaw but the tension is only moderate)–may be 
displayed throughout the audio clip. 
1 Prolonged and strong periods of tension–exhibited by tightened facial expressions (e.g., 
very tight eyebrows/cheeks/mouth/jaw)—may be displayed. Very brief periods of being 
calm may be displayed, but they are soon replaced with periods of tension. 
Score Description for Infant Laughter 
5 Appropriate affect with respect to the audio clip is displayed. Affect remains cheerful 
throughout audio clip–exhibited by positive facial expressions (e.g., relaxed facial 
muscles/smiling/laughter). Brief periods of being calm may be displayed–exhibited by 
relaxed facial expressions (e.g., relaxed cheeks/eyebrows/mouth/jaw)–but they are brief 
and quickly return to cheerful expression. 
3 Affect is generally calm. Some periods of positive facial expressions may be displayed, 
but affect is generally calm throughout the majority of the audio clip. 
1 Periods of tension displayed–exhibited by tightened facial expressions (e.g., tight 
eyebrows/cheeks/mouth/jaw)–mixed with periods of calm facial expression. 
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FIGURES 
 
Figure 1. Hypothesized prediction of pattern of EEG asymmetry when listening to infant crying 
according to variation in secure base script knowledge. Individuals higher on secure base script 
knowledge were expected to exhibit reduced relative left frontal EEG asymmetry from rest and 
individuals lower on secure base script knowledge were expected to exhibit increased relative 
right parietal EEG asymmetry from rest when listening to infant crying. 
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Figure 2. Hypothesized prediction of pattern of EEG asymmetry when listening to infant crying 
according to variation in self-reported attachment. Individuals lower on self-reported avoidance 
were expected to exhibit reduced relative left frontal EEG asymmetry from rest and individuals 
higher on self-reported avoidance were expected to exhibit increased relative right parietal EEG 
asymmetry from rest when listening to infant crying. Individuals higher on self-reported anxiety 
were expected to exhibit greater relative right frontal EEG asymmetry from rest and greater 
relative right parietal EEG asymmetry from rest when listening to infant crying. 
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Figure 3. Montage based on 10-10 system. EEG data recorded from the following electrodes: F3, 
F4, F7, F8, C3, C4, P3, P4, P7, P8, O1, O2, A1, A2, Cz, and AFz. Electrodes included in the 
study: F3, F4, P3, P4. 
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Figure 4. Mean natural log (ln) transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant crying conditions for frontal electrode sites (F3, F4) for individuals +/-
1 SD above and below the mean for secure base script knowledge. Positive asymmetry indicates 
greater left (vs. right) EEG activity. 
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Figure 5. Mean natural log (ln) transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant laughter conditions for parietal electrode sites (P3, P4) for individuals 
+/-1 SD above and below the mean for self-reported anxiety. Positive asymmetry indicates 
greater left (vs. right) EEG activity and negative asymmetry indicates greater right (vs. left) EEG 
activity 
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TABLES 
Table 1. Descriptive statistics for adult attachment variables, observed behavior when listening to 
infant vocalizations, and subjective emotional responses to infant vocalizations. 
______________________________________________________________________________ 
Variable M SD 
______________________________________________________________________________ 
Secure Base Script Knowledge 3.95 1.15 
Self-Reported Avoidance 2.18 .71  
Self-Reported Anxiety 1.74 .74 
Observed Tension to Infant Crying 2.16 .89 
Observed Positive Affect to Infant Laughter 3.12 1.03  
Change from Rest Reported Positive Emotion to Infant Crying -0.33 .79 
Change from Rest Reported Negative Emotion to Infant Crying 0.01 .86 
Change from Rest Reported Positive Emotion to Infant Laughter 1.24 .42 
Change from Rest Reported Negative Emotion to Infant Laughter -0.54 .83 
______________________________________________________________________________ 
Note. Change from rest reported emotions when listening to infant crying and infant laughter 
reflect natural log transformed values. 
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Table 2. Natural log transformed electroencephalograph (EEG) alpha values for frontal and 
parietal electrode sites during the rest, infant crying, and infant laughter conditions. 
______________________________________________________________________________ 
 Left Frontal (F3) Right Frontal (F4) Left Parietal (P3) Right Parietal (P4) 
 ______________ ______________  _____________  _______________ 
Condition M  SD M  SD  M  SD  M  SD 
______________________________________________________________________________ 
Rest 3.64 .90 3.67 .90 3.65 .98  3.67 .96  
Infant Crying 3.76 .94 3.79 .94 3.81 1.02 3.83 1.01 
Infant Laughter 3.74 .97 3.76 .97  3.79 1.06 3.81 1.02 
______________________________________________________________________________ 
Note. Alpha power expressed in microvolts squared; lower alpha values indicate greater activity. 
F3, F4, P3, and P4 refer to the scalp electrode sites used in recording the EEG values in the 
respective frontal and parietal brain regions. 
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Table 3. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha power during the rest and 
infant crying conditions at left and right frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.529 0.090 39.144 106 .000 
SBSK 0.164 0.084 1.954 106 .053 
Hemisphere 0.016 0.005 3.372 424 .001 
SBSK X Hemisphere 0.001 0.004 0.287 424 .774 
Condition 0.124 0.029 4.209 424 .000  
SBSK X Condition -0.017 0.030 -0.563 424 .574 
Condition X Hemisphere -0.002 0.002 -0.873 424 .384 
SBSK X Condition X Hemisphere -0.004 0.002 -1.993 424 .047 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 4. Results of separate Hierarchical Linear Model analyses with secure base script 
knowledge predicting natural log transformed electroencephalograph (EEG) alpha power during 
the rest and infant crying conditions at left and right frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Rest Condition 
Intercept 3.652 0.085 43.157 106 .000 
SBSK 0.147 0.080 1.845 106 .067 
Hemisphere 0.014 0.003 4.274 212 .000 
SBSK X Hemisphere -0.003 0.003 -0.762 212 .447 
Infant Crying Condition 
Intercept 3.776 0.089 42.427 106 .000 
SBSK 0.130 0.086 1.505 106 .135 
Hemisphere 0.012 0.003 3.760 212 .000 
SBSK X Hemisphere -0.006 0.003 -2.073 212 .039 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 5. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha power during the rest and 
infant crying conditions at left and right frontal (F3, F4) electrodes statistically controlling for 
covariates. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.529 0.088 39.983 101 .000 
SBSK 0.163 0.088 1.850 101 .067 
Hemisphere 0.016 0.005 3.427 404 .001 
SBSK X Hemisphere 0.004 0.004 0.920 404 .359 
Condition 0.124 0.029 4.227 404 .000 
SBSK X Condition -0.024 0.031 -0.762 404 .447 
Condition X Hemisphere -0.002 0.002 -0.881 404 .379 
SBSK X Condition X Hemisphere -0.004 0.002 -2.287 404 .023 
______________________________________________________________________________ 
Note. Mother age, child age, mother ethnicity (white v. not-white), socioeconomic status, and 
Attachment Script Assessment narrative length were entered as predictors of the intercept and as 
predictors of the hemisphere, condition, and condition by hemisphere slopes; SBSK = Secure 
base script knowledge.  
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Table 6. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha power during the rest and 
infant laughter conditions at left and right frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.554 0.087 40.891 106 .000 
SBSK 0.129  0.078 1.655 106 .101 
Hemisphere 0.015 0.004 3.565 424 .001 
SBSK X Hemisphere -0.002 0.004 -0.469 424 .639 
Condition 0.098 0.028 3.474 424 .001  
SBSK X Condition 0.017 0.024 0.742 424 .459 
Condition X Hemisphere -0.001 0.002 -0.440 424 .660 
SBSK X Condition X Hemisphere -0.001 0.002 -0.280 424 .780 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 7. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha asymmetry during the rest 
and infant crying conditions at frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.032 0.010 3.372 106 .001 
SBSK 0.003 0.009 0.287 106 .774 
Condition -0.004 0.005 -0.873 212 .384  
SBSK X Condition -0.008 0.004 -1.993 212 .047 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 8. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha asymmetry during the rest 
and infant crying conditions at frontal (F3, F4) electrodes statistically controlling for covariates. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.032 0.009 3.419 101 .001 
SBSK 0.007 0.008 0.838 101 .404 
Condition -0.004 0.005 -0.882 202 .379  
SBSK X Condition -0.009 0.004 -2.351 202 .020 
______________________________________________________________________________ 
Note. Mother age, child age, mother ethnicity (white v. not-white), socioeconomic status, and 
Attachment Script Assessment narrative length were entered as predictors of the intercept and 
condition slope; SBSK = Secure base script knowledge.  
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Table 9. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha asymmetry during the rest 
and infant laughter conditions at frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.030 0.008 3.565 106 .001 
SBSK -0.004 0.009 -0.469 106 .639 
Condition -0.002 0.004 -0.440 212 .660  
SBSK X Condition -0.001 0.004 -0.280 212 .780 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 10. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha power during the rest and 
infant crying conditions at left and right parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.493 0.097 36.076 106 .000 
SBSK 0.172 0.098 1.755 106 .082 
Hemisphere 0.011 0.013 0.858 424 .392 
SBSK X Hemisphere 0.010 0.012 0.891 424 .374 
Condition 0.164 0.032 5.068 424 .000  
SBSK X Condition -0.001 0.034 -0.021 424 .984 
Condition X Hemisphere -0.000 0.006 -0.002 424 .998 
SBSK X Condition X Hemisphere -0.007 0.006  -1.145 424 .253 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 11. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha power during the rest and 
infant laughter conditions at left and right parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.510 0.094 37.273 106 .000 
SBSK 0.152 0.095 1.601 106 .112 
Hemisphere 0.012 0.013 0.913 424 .362 
SBSK X Hemisphere 0.002 0.011 0.192 424 .848 
Condition 0.146 0.031 4.690 424 .000  
SBSK X Condition 0.020 0.028 0.721 424 .472 
Condition X Hemisphere -0.001 0.006 -0.137 424 .892 
SBSK X Condition X Hemisphere 0.001 0.005 0.287 424 .774 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 12. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha asymmetry during the rest 
and infant crying conditions at parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.022 0.026 0.858 106 .393 
SBSK 0.021 0.023 0.891 106 .375 
Condition -0.000 0.012 -0.002 212 .998  
SBSK X Condition -0.013 0.012 -1.145 212 .254 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 13. Results of Hierarchical Linear Model analysis with secure base script knowledge 
predicting natural log transformed electroencephalograph (EEG) alpha asymmetry during the rest 
and infant laughter conditions at parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.024 0.026 0.913 106 .364 
SBSK 0.024 0.023 0.192 106 .849 
Condition -0.002 0.013 -0.137 212 .892  
SBSK X Condition 0.003 0.010 0.287 212 .774 
______________________________________________________________________________ 
Note. SBSK = Secure base script knowledge.  
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Table 14. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha power during the 
rest and infant crying conditions at left and right frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.529 0.089 39.561 105 .000 
Avoidance -0.234 0.097 -2.416 105 .018 
Anxiety 0.063 0.085 0.747 105 .457 
Hemisphere 0.016 0.005 3.379 420 .001 
Avoidance X Hemisphere 0.002 0.005 0.448 420 .654 
Anxiety X Hemisphere -0.004 0.007 -0.603 420 .547 
Condition 0.124 0.029 4.243 420 .000  
Avoidance X Condition 0.035 0.037 0.959 420 .338 
Anxiety X Condition 0.012 0.036 0.330 420 .741 
Condition X Hemisphere -0.002 0.002 -0.868 420 .386 
Avoidance X Cond X Hem -0.001 0.002 -0.244 420 .807 
Anxiety X Cond X Hem 0.003 0.003 0.886 420 .376 
______________________________________________________________________________ 
Note. Cond = Condition; Hem = Hemisphere.  
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Table 15. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha power during the 
rest and infant laughter conditions at left and right frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.554 0.086 41.439 105 .000 
Avoidance -0.215 0.091 -2.357 105 .020 
Anxiety 0.058 0.083 0.690 105 .491 
Hemisphere 0.015 0.004 3.575 420 .001 
Avoidance X Hemisphere 0.004 0.005 0.768 420 .443 
Anxiety X Hemisphere -0.004 0.005 -0.706 420 .481 
Condition 0.098 0.028 3.484 420 .001  
Avoidance X Condition 0.016 0.031 0.520 420 .603 
Anxiety X Condition 0.018 0.036 0.498 420 .618 
Condition X Hemisphere -0.001 0.002 -0.444 420 .657 
Avoidance X Cond X Hem -0.002 0.002 -0.879 420 .380 
Anxiety X Cond X Hem 0.003 0.002 1.253 420 .211 
______________________________________________________________________________ 
Note. Cond = Condition; Hem = Hemisphere.  
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Table 16. Results of Hierarchical Linear Modeling analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant crying conditions at frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.032 0.010 3.379 105 .001 
Avoidance 0.005 0.010 0.448 105 .654 
Anxiety -0.008 0.013 -0.603 105 .548 
Condition -0.004 0.005 -0.868 210 .387 
Avoidance X Condition -0.001 0.004 -0.244 210 .807 
Anxiety X Condition 0.006 0.007 0.886 210 .377 
______________________________________________________________________________ 
  
  
111 
 
Table 17. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant laughter conditions at frontal (F3, F4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.030 0.008 3.575 105 .001 
Avoidance 0.007 0.009 0.768 105 .444 
Anxiety -0.007 0.011 -0.706 105 .482 
Condition -0.002 0.004 -0.444 210 .657 
Avoidance X Condition -0.004 0.004 -0.879 210 .381 
Anxiety X Condition 0.005 0.004 1.253 210 .212 
______________________________________________________________________________ 
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Table 18. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha power during the 
rest and infant crying conditions at left and right parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.493 0.095 36.762 105 .000 
Avoidance -0.265 0.118 -2.248 105 .027 
Anxiety 0.011 0.104 0.109 105 .914 
Hemisphere 0.011 0.013 0.861 420 .390 
Avoidance X Hemisphere 0.009 0.012 0.727 420 .468 
Anxiety X Hemisphere -0.017 0.011 -1.524 420 .128 
Condition 0.164 0.032 5.090 420 .000  
Avoidance X Condition 0.032 0.039 0.839 420 .402 
Anxiety X Condition -0.002 0.035 -0.052 420 .959 
Condition X Hemisphere -0.000 0.006 -0.002 420 .998 
Avoidance X Cond X Hem -0.001 0.006 -0.088 420 .931 
Anxiety X Cond X Hem 0.002 0.006 0.302 420 .763 
______________________________________________________________________________ 
Note. Cond = Condition; Hem = Hemisphere.  
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Table 19. Results of Hierarchical Linear Modeling analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha power during the 
rest and infant laughter conditions at left and right parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.510 0.092 38.032 105 .000 
Avoidance -0.256 0.108 -2.374 105 .020 
Anxiety 0.022 0.100 0.216 105 .830 
Hemisphere 0.012 0.013 0.928 420 .354 
Avoidance X Hemisphere 0.016 0.0123 1.231 420 .219 
Anxiety X Hemisphere -0.028 0.011 -2.512 420 .013 
Condition 0.146 0.031 4.692 420 .000  
Avoidance X Condition 0.024 0.034 0.721 420 .472 
Anxiety X Condition -0.012 0.034 -0.353 420 .724 
Condition X Hemisphere -0.001 0.006 -0.139 420 .890 
Avoidance X Cond X Hem -0.008 0.008 -1.022 420 .308 
Anxiety X Cond X Hem 0.012 0.005 2.364 420 .019 
______________________________________________________________________________ 
Note. Cond = Condition; Hem = Hemisphere. 
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Table 20. Results of separate Hierarchical Linear Model analyses with self-reported avoidance 
and self-reported anxiety predicting natural log transformed electroencephalograph (EEG) alpha 
power during the rest and infant laughter conditions at left and right parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Rest Condition 
Intercept 3.656 0.089 40.869 105 .000 
Avoidance -0.232 0.108 -2.144 105 .034 
Anxiety 0.010 0.095 0.099 105 .921 
Hemisphere 0.011 0.010 1.155 210 .250 
Avoidance X Hemisphere 0.008 0.008 0.993 210 .322 
Anxiety X Hemisphere -0.015 0.008 -1.830 210 .068 
Infant Laughter Condition 
Intercept 3.803 0.097 39.151 105 .000 
Avoidance -0.208 0.119 -1.756 105 .082 
Anxiety -0.003 0.103 -0.025 105 .980 
Hemisphere 0.010 0.010 1.060 210 .291 
Avoidance X Hemisphere 0.000 0.009 0.002 210 .998 
Anxiety X Hemisphere -0.003 0.009 -0.346 210 .730 
______________________________________________________________________________ 
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Table 21. Results of Hierarchical Linear Modeling analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha power during the 
rest and infant laughter conditions at left and right parietal (P3, P4) electrodes statistically 
controlling for covariates. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 3.510 0.091 38.685 100 .000 
Avoidance -0.215 0.116 -1.846 100 .067 
Anxiety -0.049 0.105 -0.460 101 .646 
Hemisphere 0.012 0.013 0.946 404 .345 
Avoidance X Hemisphere 0.015 0.014 1.090 404 .277 
Anxiety X Hemisphere -0.020 0.012 -1.724 404 .085 
Condition 0.146 0.031 4.751 404 .000 
Avoidance X Condition 0.024 0.035 0.673 404 .501 
Anxiety X Condition -0.005 0.032 -0.151 404 .881 
Condition X Hemisphere -0.001 0.006 -0.141 404 .888 
Avoidance X Cond X Hem -0.008 0.008 -1.034 404 .302 
Anxiety X Cond X Hem 0.013 0.006 2.220 404 .027 
______________________________________________________________________________ 
Note. Mother age, child age, mother ethnicity (white v. not-white), and socioeconomic status, 
were entered as predictors of the intercepts and predictors of the condition, hemisphere, and 
condition by hemisphere slopes; Cond = Condition; Hem = Hemisphere.   
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Table 22. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant crying conditions at parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.022 0.026 0.861 105 .391 
Avoidance 0.017 0.024 0.727 105 .469 
Anxiety -0.034 0.022 -1.524 105 .130 
Condition -0.000 0.012 -0.002 210 .998 
Avoidance X Condition -0.001 0.013 -0.088 210 .931 
Anxiety X Condition 0.004 0.012 0.302 210 .763 
______________________________________________________________________________ 
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Table 23. Results of Hierarchical Linear Modeling analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant laughter conditions at parietal (P3, P4) electrodes. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.024 0.026 0.928 105 .356 
Avoidance 0.032 0.026 1.231 105 .222 
Anxiety -0.055 0.022 -2.512 105 .014 
Condition -0.002 0.012  -0.139 210 .890 
Avoidance X Condition -0.016 0.016 -1.022 210 .308 
Anxiety X Condition 0.025 0.010 2.364 210 .019 
______________________________________________________________________________ 
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Table 24. Results of Hierarchical Linear Model analysis with self-reported avoidance and 
anxiety predicting natural log transformed electroencephalograph (EEG) alpha asymmetry 
during the rest and infant laughter conditions at parietal (P3, P4) electrodes statistically 
controlling for covariates. 
______________________________________________________________________________ 
Fixed Effect b  SE  t ratio Approximate df p 
______________________________________________________________________________ 
Intercept 0.024 0.025  0.952 101 .344 
Avoidance 0.034 0.027 1.273 101 .206 
Anxiety -0.055 0.025 -2.191 101 .031 
Condition -0.002 0.012 -0.141 202 .889 
Avoidance X Condition -0.020  0.016 -1.261 202 .209 
Anxiety X Condition 0.031 0.013 2.343 202 .020 
______________________________________________________________________________ 
Note. Mother age, child age, mother ethnicity (white v. not-white), and socioeconomic status 
were entered as predictors of the intercept and condition slope.  
 
